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their salts, prodrugs and esters and combinations thereof. Other examples include Allent®

(containing Brompheniramine Maleate and Pseudoephedrine Hydrochloride), Andehist®
Syrup (containing Brompheniramine Maleate and Pseudoephedrine Hydrochloride),
Bromadrine PD® (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Bromadrine® (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Bromfed® (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Bromfed-PD® (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Bromfenex® (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Bromfenex® PD (containing Brompheniramine Maleate and
Pseudoephedrine Hydrochloride), Bromphenirgmine-PSE® (containing Brompheniramine
Maleate and Pseudoephedrine Hydrochloride), Dallergy®-JR (containing Brompheniramine
Maleate and Pseudoephedrine Hydrochloride), Dexaphen® SA (containing
Dexbrompheniramine Maleate and Pseudoephedrine Sulfate), Dimetapp® Cold & Fever
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histamine~-mediated allergic conditions. These indications may include allergic rhinitis,
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allergic conjunctivitis, allergic dermatological conditions (contact dermatitis), urticaria,
angioedema, pruritus (atopic dermatitis, insect bites), anaphylactic or anaphylactoid reactions
- adjunct only, nausea and vomiting (first-generation Hj-antihistamines), and sedation (first-
generation H-antihistamines). Antihistamines can be administered topically (through the
skin, nose, or eyes) or systemically, based on the nature of the allergic condition.

Adverse drug reactions are most commonly associated with the first~generation H;-
antihistamines. This is due to their relative lack of selectivity for the H;-receptor. The most
common adverse effect is sedation - this "side effect" being utilised in many over the counter

{OTC) sleeping-aid preparations. Other common adverse effects in first-generation H;-



(orQo sl eeBi ng-ai d preparations. O her common adverse effects in
first-gen¥P209%1924% 2 WO 2006/ 102494 PCT/ US2006/ 010535 PCI/US2006/010535
anti hi stam nes include dizziness, tinnitus, blurred vision, euphoria,
uncoordi nation, anxiety, insomia, trenor, nausea and vomti ng,
consti pation, diarrhoea, dry nmouth, and dry cough. Infrequent
adverse effects include urinary retention, palpitations, hypotension,
headache, . hal l uci nati gn,, and . psychqsis, [First generation . .
ant i hi & Sﬁégnffsﬁ%?lﬁé’églﬁ?lﬁ%srso ’EH‘%{JSS{%W%W@&PW Qida, LReRFiinafign anxiety,
(pyril amidigka, iR Eéhea)ndx%hf) Bt Hor, diaRMSES] L€ and dry cough.
car bi noxam nae’, dox’??iélm ne, ¢ l(Eah:lrk"ié’scti r@ %%gjag@mﬁ)ﬁ%%af%’}, yeong

al ky| afirfrequefipiriyeise fifecte inodindeanrmarnicteati¢n, patpitatiens, haitersjon, headache,
dexchl rﬂhen m _ne brog(?heni ram ne, and triprolidine), piperazines
(cycli o &r%&ﬁyﬁ *fand neclizine), and tricyclics

(pronet hazi rgyst sddefRivAZNntBIstabdifids TR EZpiPEbx ark Yath A Bel AAsth -eim pHehmine
azat adi ne). The newer second-generation H -antihistam nes are far

nor e sdpEdlemie)fantazpBag)pefbezlamines (dphenbydpminec egsbivpraraing, doxylamine,
corres [ . i t . ahl: | | f1.] € conpared
to the%?%h?dsspg %éﬁ%rlag% i&cl)%dégéetﬁjf gﬁ) &%g%@ é?J(rl:lc‘)i lrlbéhtcglggélgjsﬁéﬁeef fects noted
f or sedqeli@rphgeiraniat), dexchlgphenaiihed, beengheaktdiimesand thgtdlidine), pheaskandse,
nausea and, dry uth, Second-, generati.on_anti histam nes, i ncl ude

syst em(EYC&]FH’@shBEg;%’FX%F’P aecw@m@épeych&% rpingthagne, q?waaaiene,

m zol agt,i g L ehdenadE d pé'dﬁfé_ drugs (azel asti ne,

I evocaggisl'?‘f%rge, hcﬁﬁolﬁgpatrlibgl)ﬂﬁe%a Thi ?d generation antihistamnes are
the active eéffgmeivensacofd-goneratidn Hzanithistanine$ ane feradomepleotivarst pbplicra

(fexofﬁ]ge%di ne)..derivatives of secon -generfation drcggi in.teynde to
have i METRREERTZPPIPLE pui e rARCI SR PRV B oy b aRED Jegle
exanpl onjpareafte frdine %én‘érati%%% gitat The MobtibomnilRridame @ffedis kol ferakedrmic
arrhythm a as conpared to terftenadi ne. However, there is little
evi dendn¢rgtomagentdneltde dwwsiness faige; haadiche, auseicad iy mpyiih Second-
conpar € . Ik LZi r i e i.vel G
CorPer Sk By BB 851155 RBRGHNE o PARE ot
f exof enagiddéne, fifidastine ndittdaradink), bt diupe (azeletise lévocihsdine, and
cronoglicate, (cromolyn) and nedocrom |, H2-receptor antagonists
(ci met icﬂ‘i’l??éltheb_ni tidine, and fanotidine), and H3- and H4- receptor
ant agoni st s it RREAB dfini GRS RFARL botiVeTRRB:: TR ocdrizBRC kT ound
Regar di ng Corti costerol ds

desloratadine) or metabolite (fexofenadine) derivatives of second-generation drugs intended

to have increased efficacy with fewer adverse drug reactions. For example, fexofenadine is
associated with a decreased risk of cardiac arthythmia as compared to terfenadine. However,
there is little evidence for any advantage of levocetirizine or desloratadine, compared to
cetirizine or loratadine respectively. Such antihistamines include levocetirizine, desloratadin,
and fexofenadine.

Other inhibitors of histamine release include cromoglicate (cromolyn) and
nedocromil, Hy-receptor antagonists (cimetidine, ranitidine, and famotidine), and H;- and Hy-

receptor antagonists (thioperamide, clobenpropit, impromidine).

B. Background Regarding Corticosteroids
Corticosteroids have been shown to be effective for the maintenance treatment of

asthma as prophylactic therapy, for the management of the nasal symptoms of seasonal and
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locally to the.skin,.or injected directly jnto inflanmed joints.
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thinni nagsogcfe 1}39{? as" i%ig}’]édién?scéo%?asn?e% in inhalers to treat asthma or bronchial disease and in
nasal drops and sprays fo treat various nasal problems. Corticosteroids can be used in
conjunction with other drugs, and are prescribed for short-term and long-term use.

The potent effect of corticosteroids can result in serious side effects which mimic

Cushing’s disease, a malfunction of the adrenal glands resulting in an overproduction of
cortisol. The list of potential side effects is long and includes increased appetite and weight
gain; deposits of fat in chest, face, upper back, and stomach; water and salt retention leading
to swelling and edema; high blood pressure; diabetes; black and blue marks; slowed healing
of wounds; osteoporosis; cataracts; acne; muscle weakness; thinning of the skin; increased
susceptibility to infection; stomach ulcers; increased sweating; mood swings; psychological
problems such as depression; and adrenal suppression and crisis. Side effects can be

minimized by keeping to the lowest dose possible.
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having adsorbed onto or associated with the surface thereof a non-crosslinked surface
stabilizer. Methods of making nanoparticulate compositions are described, for example, in
U.S. Pat. Nos. 5,518,187 and 5,862,999, both for "Method of Grinding Pharmaceutical
Substances;" U.S. Pat. No. 5,718,388, for "Continuous Method of Grinding Pharmaceutical
Substances;" and U.S. Pat. No. 5,510,118 for "Process of Preparing Therapeutic
Compositions Containing Nanoparticles,"

Nanoparticulate active agent compositions are also described, for example, in U.S.
Pat. No. 5,298,262 for "Use of Ionic Cloud Point Modifiers to Prevent Particle Aggregation
During Sterilization;" U.S. Pat, No. 5,302,401 for "Method to Reduce Particle Size Growth
During Lyophilization;" U.S. Pat. No. 5,318,767 for "X-Ray Contrast Compositions Useful in
Medical Imaging;" U.S. Pat. No. 5,326,552 for "Novel Formulation For Nanoparticulate X-
Ray Blood Pool Contrast Agents Using High Molecular Weight Non-ionic Surfactants;” U.S.
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U.S. Padd isMBecifically incorporated by reference. None of these references describe compositions

of nanoparticulate corticosteroid in combination with at least one antihistamine.
Amorphous small particle compositions are described, for example, in U.S. Pat. No.
4,783,484 for "Particulate Composition and Use Thereof as Antimicrobial Agent;" U.S. Pat.
No. 4,826,689 for "Method for Making Uniformly Sized Particles from Water-Insoluble
Organic Compounds;" U.S. Pat. No. 4,997,454 for "Method for Making Uniformly-Sized
Particles From Insoluble Compounds;" U.S. Pat. No. 5,741,522 for "Ultrasmall, Non-
aggregated Porous Particles of Uniform Size for Entrapping Gas Bubbles Within and
Methods;" and U.S, Pat. No. 5,776,496, for "Ultrasmall Porous Particles for Enhancing

Ultrasound Back Scatter" all of which are specifically incorporated herein by reference.
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aerosol, nasal, or injectable dosage forms.

In one embodiment of the invention, aerosol dosage forms of at Ieast one
antihistamine and at least one nanoparticulate corticosteroid are described. Such aerosol
compositions enable local administration of the antihistamine and nanoparticulate
corticosteroid, which results in less liver toxicity since the liver will be exposed to lower
amounts of drug as compared to oral administration. The nanoparticulate corticosteroid has
an effective average particle size of less than about 2000 nm. The compositions can also
comprise at least one surface stabilizer for the nanoparticulate corticosteroid.

In yet another embodiment of the invention, the compositions of the invention,
comprising at least one antihistamine and at least one nanoparticulate corticosteroid, can be
formulated into inhalation, nasal, topical, or ocular formulations. An inhalation formulation

can be a liguid dispersion aerosol or a dry powder aerosol. A liquid composition for delivery



corticosteroid, which results in less liver toxicity since the |iver
will be e¥PRMHRE4| ower anpunts of drug as conpared t BCHUSR006/010535
adm ni stration. The nanoparticul ate corticosteroid has an effective
average particle size of |ess than about 2000 nm The conpositions
can also conprise at |east one surface stabilizer for the
nanoparticulate corticosteroid. In yet another enbodi ment of the

i nventi on conpos| ti the i n ent Qqn, COh‘pI’I Si ng at | east
one ant'ihi E?béﬁizﬁé’f&?—ﬁima@ 3%%@& lgrgenprs) zsaa i3iNg A CEIIROH Hen a@egineg toithe
can be infeation!! c@h‘@;ﬁsin@ta%)léaﬁ%'e %ﬁlﬂ@tﬂmﬂﬁ%%h’at IGQ% oh@ hﬁnﬁfartgﬁ%g

e I sper si on

formul ations. An“inhalation formulation can
aer osolcogicogtergids 11ptmcfem aés eclotion, Audpenmiony ocdmpmsnonlamne;‘ m‘rmdeinbmmyn 9

WO 200 USZO 6/010535. via.a ne izer netered d

ohal eV SURH e SR s g A Birpb ok Ao EEE S Bt e (0 The

i nvent iprntien 03 beSin e Birml Fasdry 9RAG MR &lid 'Ebﬁh%nﬁﬂgn ithl RS bulRBices
nanoparticul ate corti coster0| d, inthe formof a sol ution,

suspensHEEs arexgipigyh r Nessh laymaation pan be in shebformatof msoluion lr et spprropriate
substa e 05|t| nac rdlng
ot ho o ano st B aREREs co el R AR BT R Sl

conbi né&riroatitng babdiarths firat afacsetion@happsopriatesoliet, Q]Hﬁpersi\ﬁ&ﬁﬂsuspensmn
f or mul atlgns can be in the formof a solution or an appropriate

sol venth ? ff®haseon or suspension of a conposi tion according to the

I nvention. %HH@E aspley d}“{ﬁ@frﬂv&ﬂ?on 2k td &s#é?ﬁoﬂs%fﬁ@{s rﬂaésgtlidiﬁ a0dbrdiftd
appropriate sol vent, di spersion suspens in a ase.

Anot hefo the pesention, comprisingehldagonp enmIastamInecanmas Jeestsine mnanm;fartidmate

conposi, to the.invention [is t on

e SOL B At e BrbS b B P se et Pt en Bt Hiond

wher ei dispéreions sqapridel 0 MeasBsR MtiBRAKERS] at Rad ohé fhdpaticulale SrEesiterdile
liquid dispersiaqns conprise at |east one antihistam ne, at |east one

nanopaPEie it GERFIEBE 3 sicdrasian eulpfiesor az&“ﬁﬂ@ﬁérﬂ@ﬂ aptienpilyt 2 m@ﬁlaalé an
emul sifier @r,aublRAGHRAMN Gﬁﬁlﬁ%&@!ﬂﬁ&? Heve 1ag dﬂg@elr%igalt Jﬁ@t@%d ]p{’ %re 1ot her

enbodi nent of the invention there 1's provi rgi ng a
nanopananqpatmuhtm'hmstmmdrfmnmﬂittmmmm&n@]md ﬁmq)rmi h@g dib@eﬂshig&m (1)

di spersing the,. .corticosteraid i | qui d rS| n,media; and,(2)

mec hanF%‘H??itefP@dB&lwal %ép%ﬂP% PP?B i@y %nﬁ% ]é’éﬁ yoingsthe P&ﬂaletse?eaﬁ
ef f ect iheeoAIRERARI RP4 éffdcBive héka dééf par@is 51593 ﬁ&ﬂ@gﬂiti'ﬁmAm{ﬁm& e
stabilizer can be added to the di spersion ne I a elt ef or

dur i ngstabilizeitaanbe padad tolthe dispersion extditditbex beforef durinty), yr aﬁdn@amdlemizet he
| d t d thin.th b
3 to alsKufREl hPRelRO R uf ROl Finebe b € miiaRedyichar e g of

si ze r@ducdbiodt’3 to about 8 during the size reduction process. Following particle size reduction

of the corticosteroid, at least one antihistamine can be added to the nanoparticulate
corticosteroid composition,

Yet another aspect of the invention provides a method of treating a mammal in need,
including a human, comprising administering to the mammal a composition comprising at
least one antihistamine and at least one nanoparticulate corticosteroid according to the
invention. The compositions of the invention are useful in the prophylaxis and chronic
treatment of asthma, bronchial disease, and nasal problems in adults and pediatric patients,
and for the relief of allergic conjunctivitis and symptoms of seasonal allergic thinitis, allergic

dermatological conditions (contact dermatitis), urticaria, angioedema, pruritus (atopic
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Any corticosteroid can be used in the compositions according to the invention.

Exemplary corticosteroids include, but are not limited to, fluticasone, budesonide,
triamcinolone, mometasone, flunisolide, fluticasone propionate, beclomethasone
dipropionate, dexamethasone, friamincinolone, beclomethasone, fluocinolone, fluocinonide,
flunisolide hemihydrate, mometasone, furoate monohydrate and combinations thereof.
Advantages of the compositions of the invention comprising at least one antihistamine
and at least one nanoparticulate corticosteroid as compared to conventional, non-
nanoparticulate forms of corticosteroids, and over antihistamine formulations lacking a
corticosteroid component, include but are not limited to: (1) increased water solubility; (2)
increased bioavailability; (3) smaller dosage form size or volume due to enhanced
bioavailability; (4) lower therapeutic dosages due to enhanced bioavailability; (5) reduced
risk of unwanted side effects; (6) enhanced patient convenience and compliance; (7) higher

dosages possible without adverse side effects; (8) more effective prophylaxis and treatment of
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Def i ni @ﬂrgvg@olgtgl i nvlengi on i s described herein using several
defi ni Tl ) © 8RY1EPE N bel ow and t hroughout the application. The

term " ef f ecThy fraverads eRdelass b O/?ze]gf 1458 #onlBAR 2P Un ’29599%{3 ,ﬁ%ﬁegl?s

used herein nmeans that at |east 50% of the corticosterord par
have am&pasehatyf lepst 56 of thee coriposternichpartibleshavaGOtze;, byweighe,ofiesa shaned

by, fo ' j ield flow.fractio ion, hot pn
correl éll%oﬁ%%a@p%gt ﬁgg%%g%@c%%ﬁtf “I’rse&%?lf’ rfe\re{br,ne%?téq{‘ @%&FPM%@PW% and
ot her plesttmienmistionkspestrostopy, lightscatterigi dikk cohtfi@aRed, an&éth‘é%%@h:ﬁgﬁé%i n,
"about' w l%’rtge ur}d rstood by persons of ordinary skill in the art
and  wAP9WR D toseptskillindig @kt on the context in which it is used. If

there are uagssdfhedif, aBbil Wii1 %8 understood by persons of ordinary skill in the art and
will vary to some extent on the context in which it is used. If there are uses of the term which
are not clear to persons of ordinary skill in the art given the context in which it is used,
“about” will mean up to plus or minus 10% of the particular term.

As used herein, a “stable” corticosteroid particle connotes, but is not limited to a
corticosteroid particle with one or more of the following parameters: (1) the corticosteroid
particles do not appreciably flocculate or agglomerate due to interparticle attractive forces or
otherwise significantly increase in particle size over time; (2) the physical structure of the
corticosteroid particles is not altered over time, such as by conversion from an amorphous
phase to a crystalline phase; (3) the corticosteroid particles are chemi'cally stable; and/or (4)
where the corticosteroid has not.been subject to a heating step at or above the melting point
of the corticosteroid in the preparation of the nanoparticles of the invention.

The term “conventional” or “non-nanoparticulate” active agent or antihistamine
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are not clear to persons of ordinary skill in the art given the
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“non- nanoparti ve agen antThi's
2006/ 16oWbitPHTwas2eMedsGiabamut Bhahghnl, &as thaf @béR 20ine/eNakds tARPdboAN10

active agent, .such a anti hi stam ne and/or a corticosteroid,
whi ch ir%g?gloﬁt!ﬁsfs%]?@d‘%@% (914_- has an effective average particle size
of greater Ashasd Bhew! thdQbhst FRerDBRRRAY Eft@&fiv@%ﬁ}oﬁﬁ@’!ﬂ&ngg‘%r&ggg afsrgll%%

defined herein have an effective “average particle size o
about Sgdprayides therspepific pbarmasologlop! meapcmse fotwiidhethd drgsié administedd in 2

her ei n . hat. hav lubiljty.in ter,of less than
about " S5y Rl S8R AR i s o Retmienl i st fone vy i
or | estherdpentiaiigisffedtivainidunt 452 BELALASE fhinisided RMY H¥€cular subject in a

"t herapeutical Iéeeffectl ve ampunt’™ nmeans the drug dosage that

pr ovi d8&UEHar Weidacs Wil i abwas Sesfetive in dspanaibe tordiligrisihisentrs desariped s
LoV : o phariee Sty o
Fr oat nanEs Pyl thbugt S OR b ER dHERES bOS (R B el e et G e

of a defigkil atheiag. admi ni stered to a particular subject in a

particul ar instange wl] not al S be effective in treating the
condi ti ons/ EF‘% &gggg a‘a“é‘éllﬂqq Ba gsedsren refers o A siatrpigpatisy B’Eﬂ%g shpraagterized

deenedby eheifeRnéd\ ST ARDSE bﬁﬁicle‘é; ShikRChdauE oﬁgﬂﬂlﬂ s t{}%és d85€of &En%{z@] %1}@{)@

the art. The term "particCul ate” as used herein refers to a state
mat t er oPERologyc The smeindtipartipylatehes wied Sermiemednsdi dunabityeofigliscréte loes,,

or phol BB g s Ry ot Rtk il B B AR iy S

pl ur al sHape of m@istotagdye, or aggregated, particles, pellets, beads,
granul es or m xture thereof irrespective of their size, '

C. Features of the Antihistamine/Nanoparticulate Corticosteroid Compositions

There are a number of enhanced pharmacological characteristics of the

antihistamine/nanoparticulate corticosteroid compositions of the invention.
1. Increased Bioavailability

In one embodiment of the invention, the antihistamine/nanoparticulate corticosteroid
compositions exhibit increased bioavailability at the same dose of the same active agent, and

require smaller doses as compared to prior conventional, non-nanoparticulate corticosteroid

compositions.
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shape or norphol ogy. C. Features of the Antihistam ne/ Nanoparticul ate
Cor t i cost'wiOniooe/@aegosi tions There are a nunber of enhamreedis2006/010535
phar macol ogi cal characteristics of the antihistam ne/nanoparticul ate
corticosteroid conpositions of the invention. 1. Increased

Bi oavail ability In one enbodi mrent of the invention, the _

ant i hi stam ne/ nanoparticul ate corticosteroid conpositions exhibit

I ncreased bioavailability at the sane dose of the sane active agent,
and requi r & smal ThaPhpysracolinetio Ryefiles| of depkntihistanmingNahopaticulate

non- nanopar ti cul deticesteraid Stompmisitions anpoet Afferted b hd R OPOPAstEL494
PCT/ US2006/ 01053 %tat2.of TheSibjecrimgedtingcethe Cobigtsiticdg of the

Ant i hi st am ne/ Nanoparticul ate Corti costeroi Cgrrposi 'lt ions are ?ﬁt
Affected b Faste State of. the Subject, | ngesting the
Conposi t i o%slh{aﬁmg%o SABE O Mhedhyen nfjﬁsé’nsﬁ %rﬁtaPB%‘S Re/nanepartipelate

ant i hi sbeiviosteroidemmpusitions) wheeinGhe phe@adoRiniid pSsHIR 8filleicOtost e Birbt
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{ ast ed BPRPaHOw AR ARL gl i be SV eoi e Feh S@tfbst ant | al |y
el i m nates Higefikbes Uosie FOAtwHIMGIsHE BRIy ERGIRAS $nd éffe?:'t'ﬁf 58&%1}0(13% & an

conveni ence, thereby increasing subject conp lance, as the sul
does H¥Tesse dysubisckemiyeaionse therdhyyinereasingaiubregt econaprlinaceiat Hersubjetidons

w th angbRete (e BLPRe GBAZE dord AL B BnS U heE: 767 ¥ samtcar,
whi ch thweitilipagr subjdeecdigpliines ehifhambritbyteRRd,URSIRE¥AY in tHe Bedicd Bondition
[ The invention al so provides

increase in allergic rhinitis, _ ‘ |

anti hi zqf%@%ﬂwmmpwmrﬁéb%mvéegbww rgpoBtTeRssig alltxiaw thipitis.

desirable p | | ' : Wl . ian ..

sub] cots. The. HERKRLE Frobldlh sy AR AR g o R B bsitons

ant i hi bedng adesizhiphathaokitetic porfile shsd edminmbftere@mﬁmsmmaﬁaﬁ sibjekse _rlc":iﬁal y

I ncl udgs. t .is not.ljmt to. (1) .a Crax for the cortjcosteroid,

when - &tcablftptifnfiRkingEbinle o7 ke il renmpbenng Spisergold

admi ni séripéditiihs préfalablySindh8ay, Bht it A8NimideCIRY £08. diRe 86 osteroid

non- nanopg? tli cjlpgt e cgf?i cost eroli d f(l)nrlrml gt ian, a"én%s nlﬁgt ere0 %{?1 fﬁgen
assayed in the plasma of a mammalian subject following administration, that is greater than

the Cinax for the same non-nanoparticulate corticosteroid formulation, administered at the
same dosage; and/or (2) an AUC for the corticosteroid, when assayed in the plasma of a
mammalian subject following administration, that is greater than the AUC for the same non-
nanoparticulate corticosteroid, administered at the same dosage; and/or (3) a Tax for the
corticosteroid, when assayed in the plasma of a mammalian subject following administration,
that is less than the Tr,y for the same non-nanoparticulate corticosteroid, administered at the
same dosage. The desirable pharmacokinetic profile, as used herein, is the pharmacokinetic
profile measured after the initial dose of the corticosteroid.

In one embodiment, a preferred antihistamine/nanoparticulate corticosteroid
composition exhibits in comparative pharmacokinetic testing with the same non-
nanoparticulate corticosteroid, administered at the same dosage, a Ty for the corticosteroid

which is not greater than about 90%, not greater than about 80%, not greater than about 70%,
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sane dosage; and/or (2) an AUC for the corticosteroid, when assayed
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ant i hi $R8rAbeEY {9 mheesiabout W08 at Jeee eberidi0d%s ehloast abowTO0%o ht kst

i nvent i iDLt ] t] ocinetic.testl ith . the
s st BUOYO M 1edh oEATBOOR, bl EnsR RDERASIE, o Siak CbRE oo, il
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st LB 8 bessh abant Ploghh 32 esthabaugAp0s of ¢ et shasalsBB6 et fiendbs
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1000% Z&% Ieas'? g %in%%%ég?&%tggéﬁcgggﬁé 1200% at | east about

1300% at | Euyat angthert emb@iigsentathe laptisistamieitanbdpenlatatcottizastitroab out
1600% out 1700%. at. .l east about 1800% qr at |east about
To0006 5 bmt BT R2 AR reenteh kBl BriotarPiF ek et sping Pabites wme
cor ti cosd-earmipartichlate/@irtiesRe6ig fortlafinBdthinistd&d at the same dosage, an AUC for
anti hi ﬁ%am ne/ nanoparticul ate corticosteroid conpositions of the

i nvent §roBieRFEioid Whichdsrplleast phant g%y ableast ebas5DY%, aideadt nbpwi76%, atleast
sane 2Pandd Ori { hof Or Ul ati 0 m ni stered at
he sandiodbBERLFIE PSR! H1BRERERP L b o B e 76 PR aBo
about 20%%, dleastedbout 22566, at T abdiit 239846 tat BasibolSPN5 %) lat le@@ShoutdOw, at
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about 550%, at least about 600%, at least about 750%, at least about 700%, at least about
750%, at least about 800%, at least about 850%, at least about 900%, at least about 950%, at
least about 1000%, at least about 1050%, at least about 1100%, at least about 1150%, or at

least about 1200% greater than the AUC exhibited by the non-nanoparticulate corticosteroid.

3. Bioequivalency of the Antihistamine/Nanoparticulate Corticosteroid
Compositions of the Invention When Administered in the Fed Versus
the Fasted State

The invention also encompasses a composition comprising at least one antihistamine

and at least one nanoparticulate corticosteroid in which the AUC and Cyyy for the
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(a) $°6 #ﬁ%@@ﬁaué@%@ﬁ@ §35&%i@5 8’.1‘@@ megsurements 354 10t Frleksut nent s

ar e nobjok@li®Madle thoregulatory purposes). To show bioequivalency between two compounds
or administration conditions pursuant to Europe’s EMEA guidelines, the 90% CI for AUC

must be between 0.80 to 1,25 and the 90% CI for Cax must between 0.70 to 1.43.

4, Dissolution Profiles of the Antihistamine/Nanoparticulate
Corticosteroid Compositions of the Invention

In yet another embodiment of the invention, the antihistamine/corticosteroid
compositions of the invention have unexpectedly dramatic dissolution profiles, Rapid
dissolution of the antihistamine and/or the corticosteroid is preferable, as faster dissolution
generally leads to faster onset of action and greater bioavailability. To improve the
dissolution profile and bioavailability of the antihistamine and/or the corticosteroid, it is
useful to increase the drug(s)’ dissolution so that it could attain a level close to 100%.

The antihistamine/corticosteroid compositions of the invention preferably have a
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bi oequi val ence for regul atory purposes). To show bi oequi val ency
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5. Redispersibility Profiles of the Antihistanm ne/Nanoparticul ate
Cor ti cost er é dnegmpadineiiofsheomvettion, heentihisiamine/nanoparticulate corticosteroid

compositions of the invention are formulated into solid dose forms, including powders, which

redisperse such that the effective average particle size of the redispersed corticosteroid
particles is less than about 2 microns. This is significant, as if upon administration the
antihistamine/nanoparticulate corticosteroid compc;sitions did not redisperse to a
nanoparticulate particle size for the corticosteroid component of the compositions, then the
dosage form may lose the benefits afforded by formulating the corticosteroid into a
nanoparticulate particle size.

Indeed, the antihistamine/nanoparticulate corticosteroid compositions of the invention
benefit from the small particle size of the corticosteroid; if the corticosteroid does not
redisperse into a small particle size upon administration, then “clumps” or agglomerated
corticosteroid particles are formed, owing to the extremely high surface free energy of the

nanoparticulate system and the thermodynamic driving force to achieve an overall reduction
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the effective average particle size of the T pers

corti c@queusselupens dicing salt,sicide gsbashan azboibinaBoniterafswhishekhibit the

bi or el . | &, can be any aqueous nedia that exhibit the
QAR AR T

desi red 1 oni‘c d pH which formthe basis for the

bi or el evanc Biaklevhe pkeidivell Revidiashe £¢ Wit e@zﬂﬁpie?ﬂi e s®a8RGhEpArhges
those that are representative of phéSl ol o%n cal conditions found in

the huf slighily lessithan (bt bpwoalyereatsndvod) vpde 4 ot anIibthe sl intrstinsites
| ' ] f
b o PHRE R M 3 ORI bl BB oD Bt B, Bordlent Rinle
pH and sirengtic issilsoemet knovBi Dr thb exaBRast@tttits guetit fikiddwe ah Horit etrarpth offdbut
le,..in,th t h, th H f lightly | ess than .2
Chut "t 9y TeeCls Bepsnn Riig o0 g onissgtohior Aboucd ey S2r etodinarel
the plt garChaRgerizdHm of HtdiroMnHe §RmabE af@PRRirhil JERBufAADRed 4N 6

to 8 Biorelevant ionic
Women,” Pharm. Res., 14 (4): 497-502 (1997).

It is believed that the pIH and ionic strength of the test solution is more critical than

the specific chemical content. Accordingly, appropriate pH and ionic strength values can be
obtained through numerous combinations of strong acids, strong bases, salts, single or
multiple conjugate acid-base pairs (i.e., weak acids and corresponding salts of that acid),
monoprotic and polyprotic electrolytes, efc.

Representative electrolyte solutions can be, but are not limited to, HCI solutions,
ranging in concentration from about 0.001 to about 0.1 N, and NaCl solutions, ranging in
concentration from about 0.001 to about 0.1 M, and mixtures thereof. For example,
electrolyte solutions can be, but are not limited to, about 0.1 N HCI or less, about 0.01 N HCI
or less, about 0.001 N HCI or less, about 0.1 M NaCl or less, about 0.01 M NaCl or less,
about 0.001 M NaCl or less, and mixtures thereof. Of these electrolyte solutions, 0.01 N HCI
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strength is also well known in the art. Fasted state gastric fluid

has an i owioce8d/roespgt h of about 0. 1M while fasted stat ecrakestoingss
fluid has an ionic strength of about 0.14. See e.g., Lindahl et al.,
"Characterization of Fluids fromthe Stomach and Proximal Jejunumin
Men and Wbnen," Pharm Res., 14 (4): 497-502 (1997). It is believed
that the pH and ionic strength of the test solution is nore critical
than the specific chem cal content. Accordingly, appropriate pH and
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strength .conditi ons, of t [ OXi astroj ntestinal tr

B bt seyre Tb AREipicrebaS. BeRise Sata AR 9 PhRpioric agiposphaty seky
cor r es poREidi®, polissidm 21 c%lcllﬁ'ﬁ'g &"éfjchlo §§ REEhd X% &/Xceé&tltgk'ﬁts Bt N HC

sol ution si mul at es typical aC| conditions found In the stomach. A
sol ut i patagsiug. abd varlkhoh Sqitscnf |chb$1da, qaé:msmhlﬂacarhpmt@xahsdt godinng fpotdsgium

Il oni c st th co ut the 0 ncl udi ng .t he
gast r o SR i, Pl byGRas, B Bl AR it P 5rai pnle i and Bty
may be sglgodfashedide0 sinulate fed condltlons Wlthl n the human G
tract. Exenplary solutions of salts, acids, bases or conbinations

t her eof , whileRthek embpdiments of daasinyentiopHha Frdlispsreed cotticesigion] pariirlps efdhe
but
but_ar Sriilioh (Hke-ditRQRRRE! MRSAUPHARHIRE RS melipOHlN |

sodi u meffeq;tateasrsra:gapa:rmdlmiecofdmsm abouaff 2000 nay, ilebs thaneablbonl 20 nm, Iess than

aci di bi s +.S0 ta calciu ts
chl ori d& it 2%@ qsﬁ hﬁeahf’ dlt%?ﬂgp i%? g?“ﬁg]%‘tﬁ%ﬁ tsagiﬁi&h? OOmn
cal ci U'Iéss St o 0ff 14001024, 11648 than about 1300 nm, less than about 1200 nm, less than about

1100 nm, less than about 1000 nm, Iess than about 900 nm, less than about 800 nm, less than

about 700 nm, less than about 650 nm, less than about 600 nm, less than about 550 nm, less
than about 500 nm, less than about 450 nm, less than about 400 nm, less than about 350 nm,
less than about 300 nm, less than about 250 nm, less than about 200 nm, less than about 150
nm, less than about 100 nm, less than about 75 nm, or less than about 50 nm, as measured by
light-scattering methods, microscopy, or other appropriate methods. Such methods suitable
for measuring effective average particle size are known to a person of ordinary skill in the art.
Redispersibility can be tested using any suitable means known in the art. See e.g., the
example sections of U.S. Patent No. 6,375,986 for “Solid Dose Nanoparticulate
Compositions Comprising a Synergistic Combination of a Polymeric Surface Stabilizer and

Dioctyl Sodium Sulfosuccinate.”
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I n ot her enbodi nents of the invention, the redi spersed corticosteroid
parti cl eswof2oodim2494nvent i on (redi spersed in an aqueous, poTWSel06/d3S5
or any other suitable nedia) have an effective average particle size
of | ess than about 2000 nm |ess than about 1900 nm |ess than about
1800 nm | ess than about 1700 run, |ess than about 1600 nm |ess than
about 1500 nm | ess than about 1400 nm |ess than about 1300 nm

| ess than about 1200 nm |ess than about 1100 ran, |ess than about
1000 nm | ess t hamtilislmifdNanopartieakatd Carticbievéid npesitidiBSGselilan
about 700 nm | eCodjlinetic@Pwith Giher Atlivé &génts han about 600 nm | ess

t han about 550 nm |ess than about 500 nm |ess than about 450 run,

| ess than ammanﬁ&@taﬁﬁme/hmgambﬁlﬁte&:bﬂ%stméHﬂl osttRnS oi‘ﬂféﬁn@éﬁ%ﬁ caP0
run, le 3 Q? about 250 nm | ess than about 20% nm | ess than about
150 rﬁ% itiguallst ¢puppriss G0F o1 WOreHAmRoEEds YsehN intsenting pethme) seeporiabhinitis, o
about r

thor anaPgLoRBgRe e b oh PP R G PR 08 B SR Yl
ef f ect iavéveagenmpe thacempbsiticris o thariavéationoar be co-pinintetered opsedusraiajl
skill in the aat Redl ].persl bi |f1 2/ can be tested using any suitable
means RABRASIETY & O pRe 0’3&?%5“6 acyedeeltanpl e sections of U.S.

Patent No. 6,375,986 for "Solid Dose Nanoparticul ate Conpositions
Conprising a Synergistic Conbination of a Polyneric Surface
Stabilizer and Dioctyl Sodium Sulfosuccinate.” 19 WO 2006/ 102494
PCTI UsAbo6/ Erampsitians” Ant i hi st ani ne/ Nanoparticul ate Corticosteroid
Conpositions Used in Conjunction with OQther Active Agents The

anti hi st am i Lt

vent; on cane Taqaeh plekileBbimaRitik A3kakEhe L BIRARL biBRBatne Wipest
t r eat i nge amtdpamicuktaswtiadsterbidad o 1eastronersaifaieeﬁhb¢1im€li Thesnafacd B@bilizers
conposi tion t e vent| on.can b 0- ted with such ot her
active a?dgﬁféga%f%? &Bﬁf)i‘)séf"f‘?tﬁaé’”@ftﬁ qcﬁﬁ? %ﬁcgﬁlcegﬁr particles.

co- adnigatfadeitaflifts §&ﬁﬂ%§eh@ﬂé Yot ASREAIIS keLkedith ﬂzecc%lwa%&a;& Batfcted or
such active a&ints D. npositions The i nvention provi

conpositselénlre ille,l lgq‘llﬁgiual mplsgules ofthe surfichistbidizenae essentighsiree ahe

The.cur i EbRrRRisERRLET B ol tufbyiRRE R igPS BB IRiepliftben

wth t hmpugémr@ﬁoﬁh@rfmrstabﬂmfser oid particles. Surface
stabilizers useful herein do not chemcally react with the
corti cost er ¢na &Rt plag Ingludes pepapgsitiqns spmprEng at lepsi oue emﬁnstwmné@gd afs

of the W RGanSidRhl1ie ebriRbReBRPEBLhA Wi¥h SEE8 Mire non-toxic physiologically

acceptable carriers, adjuvants, or vehicles, collectively referred to as carriers. The

compositions can be formulated for administration selected from the group consisting of oral,
pulmonary, rectal, opthalmic or ocular, otic; colonic, parenteral (e.g., intravenous,
intramuscular, or subcutaneous), infraperitoneal injection, intracisternal, intravaginal, local,
buccal, nasal, or topical administration. The compositions of the invention can also be
formulated into a dosage form such as liquid dispersions, solid dispersions, liquid-filled
capsule, gels, aerosols, including dry powder and liquid dispersion aerosols and pulmonary
and nasal aerosols, ointments, creams, lyophilized formulations, tablets, capsules, multi-
particulate filled capsule, tablet composed of multi-particulates, or compressed tablet, The
compositions of the invention can also be formulated into a dosage form such as controlled
release formulations, fast melt formulations, delayed release formulations, extended release

formulations, pulsatile release formulations, or mixed immediate release and controlled
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i ntermol ecul ar cross-1inkages. In another enbodi nent, the

conposi ti eyis2006/1d28€ | Nnvention can conprise two or mre%g&&msss
stabilizers. The invention also includes conpositions conprising at

| east one anti histam ne and at | east one nanoparticul ate
corticosteroid together with one or nore non-toxic physiologically
acceptable carriers, adjuvants, or vehicles, collectively referred to
as carriers. The conpositions can be formulated for adm nistration
sel ect ellstlefaw)fwmh]atimsoup consisting of oral, pulnonary, rectal,
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formul ated i nto a dosage form such as I [ qU| d di spersions, solid
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cryst o T IREARe LIS Rk CARkile ot ine Wb ioh SRlrmtae Bateste and
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rodrug, ester, or conbi nat can

anti hi St?ﬁ‘ 3 alt,

used i A AP E?ﬂi‘ﬁ@%‘?et B‘#@C@&!@?MBW@@B@ Re® fvwemnmngrcExﬁwpirammf

ant i hi t t el.as

hydr ocﬁfﬁﬁfﬂﬁﬂ(%%%wﬁ R0, Bl e g A deteniaine

(TRl VET &hglea)s aﬂﬂIBBbﬂ'@bfhtcbmt(Iﬁyﬁraéﬂcﬂ HdeAMBrodd® ( coﬁtaﬁ% TOIN }iﬁﬁr@ﬂﬁr{eol e

H S lclo CATAELAM r ter enadi ne

( SEL DAN@?&}% did Gl %‘Pﬁ?%ﬁ@rﬁ/ %3 Iﬁ?‘é"%l%’&@éﬁ%@ copfpining Brompheniramine

( cont aiMulduge ﬁd@mﬁ&féﬁh@dﬂﬂ&

Hydrochl ori de), Andehijst(r) rﬁ%&ﬁ:oﬁg}@?ﬁg%&&%ﬁam ne%%t e

and PsMplstsarddiserdo rﬂﬁi{@@égr}deBrRmmdmem® HD(contadigagt ai ni ng

Bronphg r.ochl ori de)

B ormad] ?‘*ﬁﬁe}?ﬂ%ﬂ%%#%?g?%%tﬁ SR SSRRRURE Hesochlottos), Bronpheniziinine PSE
(containing Brompheniramine Maleate and Pseudoephedrine Hydrochloride), Dallergy®-JR
(containing Brompheniramine Maleate and Pseudoephedrine Hydrochloride), Dexaphen® SA

(containing Dexbrompheniramine Maleate and Pseudoephedrine Sulfate), Dimetapp® Cold
& Fever (containing Brompheniramine Maleate, Acetaminophen, and Pseudoephedrine
Hydrochloride), Dimetapp® Elixir (containing Brompheniramine Maleate and
Pseudoephedrine Hydrochloride), Drixoral® Allergy/Sinus (containing Dexbrompheniramine
Maleate, Acetaminophen, and Pseudoephedrine Sulfate), Drixoral® Cold & Allergy
(containing Dexbrompheniramine Maleate and Pseudoephedrine Sulfate), Drixoral® Cold &
Flu (containing Dexbrompheniramine Maleate, Acetaminophen, and Pseudoephedrine
Sulfate), Lodrane® (containing Brompheniramine Maleate and Psendoephedrine
Hydrochloride), Lodrane® LD (containing Brompheniramine Maleate and Pseudoephedrine
Hydrochloride), Respahist® (containing Brompheniramine Maleate and Pseudoephedrine
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Mal eat e and Pseudoephedri ne Hydrochl oride), Bronfed(r) (containing
Br onpheniwanuegio2ddal eat e and Pseudoephedri ne Hydrochl or pdeks2006/010535
Bronfed-PD(r) (containing Bronpheniram ne Ml eate and

Pseudoephedri ne Hydrochl oride), Bronfenex(r) (containing

Bronpheni ram ne Mal eat e and Pseudoephedri ne Hydrochl ori de),
Bronfenex(r) PD (containing Bronpheniram ne Ml eate and
Pseudoephedri ne Hydrochl ori de), Bronphenirgm ne-PSE(r) (containing

ggﬁrphdﬁmmﬂaémebﬁmﬂbe@Mﬁsemdiﬁw ! fﬂpnemtamdwal ﬁ@%:&m@xdagﬂ)
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Br orrph ‘ing &?éorﬂé%%’ﬂeea E&B’&?B%}qe?}ém@g?@@)@@}@@?@tme):
PCTI US@ﬁb%@é&ﬂ@éééraﬁHﬂ!ﬁOﬂﬁh&%ﬁﬁéa ﬁérlva%f Qst&xﬁ%i@h rPhe,
Br onpheni ram né | eat e and Pseudoephe I ne oride),

Utr abl@ﬁi@dme(mmimm, teyfeBadinprenliastine h&omas}mbﬁamlmlopaﬁdﬁmd(mﬁh&dl i ne

ggrggg&g% *%?PHR@“@@ "gﬂ IB‘EP%i:%Q%E%’l&?T}an??Eqmt heni ngff%ﬁ r}eﬁ_@ﬁ eat e

i ncl udeiv) 6ﬂh)3r ﬁahitﬁﬁ)rﬂﬁﬂﬁdftﬁhir@@elaﬁﬁel kR ch@Soglicatl (uﬁhmyn)&ha QEQEAl,
et hyl enedi am nes (nepyram ne (pyr| | ai nin J‘)&m ant azol i ne)

et hanoFarfPeretor apmepials kimetifingeianitiding ofidinel gry Hafﬁllﬁe[‘h—recepfm'
cl emas Qi%ﬁh I es heni r ai ni ne,
chl or e%gtlraﬁi’%néﬁ?% e%?r%dr%l@ﬁn&bpltdﬂli)@+or p enagnpne, br onpheni r am ne,

and triprolldlne) plpera2|nes (cycli zine, hydroxyzine, and

mecl i zine), , tri C onet hazi ne, alirnemazine (trinmeprazine),
cypr ohept adine, %ﬂ' *‘é(}gg rggc[sne) (ii) second-generation

H -anti hi st apyReficobildfdid SarBE @6l hyﬁfétcbﬂ@osﬁ&&s%@ﬁing 1o $Ed tnbérdioR e

| orat adi ne, nizol astine, terfenadine, azelastine ocabastine, and
ol opat Eap‘mg}arj( ¢qr|:1§ostem®1|da include, but are not limited to, fluticasone, fluticasone propionate,

budesonide, triamcinolone, triamcinolone acetonide, mometasone, flunisolide, flunisolide
hemihydrate, dexamethasone, triamincinolone, beclomethasone, beclomethasone
dipropionate, fluocinolone, fluccinonide, betamethasone, mometasone, mometasone
furoate monohydrate, cortisone, hydrocortisone, methylprednisolone, prednisolone,

prednisone, and combinations thereof.

3. Surface Stabilizers

Combinations of more than one surface stabilizer can be used in the compositions
comprising at least one antihistamine and at least one nanoparticulate corticosteroid of the

invention. Suitable surface stabilizers include, but are not limited to, known organic and
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generation anti histam nesm including |evocetirizine, desloratadine,
and f exofwoaslogm®2494i v) ot her inhibitors of histam ne rebeas®R2006/010535

I ncl udi ng cronoglicate (cronolyn) and nedocrom |, H2-receptor
antagoni sts (cinmetidine, ranitidine, and fanotidine), and H3- and
H4-receptor antagoni sts (thioperam de, clobenpropit, inpromdine).

2. Corticosteroids Any corticosteroid can be used in the conpositions
according to the invention. Exenplary corticosteroids include, but
are notmcbrgamb pharhmacerftical dxcidans, Sﬁchltkﬂpﬁﬁt%ﬁﬁcl’@&%@?@yme@lwom de,
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at | east. one nanogqart iculate corticosteroid of th i nvent | on.

Sui t abl@hosphatided, dexdian gure peacia ehaledsroly @nagmthnst@aﬂq avid; banzadconkmown
or gani cpaftde a%l%lﬁ@@s%%% éﬁ%é%ﬁf (rd&t4p220 %40%2’ agcg @ %@Iﬁégrﬁ%?lyner S|

phar maceut'i cal  exci pi ent OEXCT PIent o Ret
| ow neinetifyary wei, ghrbitah egempydyoxyathylent alkyDetherk e.g.aftdcgbl @Bdrafich as

R A S A A
st abi | lxg@lestetdTe !l d8e @iﬁm@fe%ﬂg‘%ﬁﬂldbﬂ@ T\%PT 59 u@ﬂﬁ YRGREY bo anii IT een

i net hyl cel | ul ose "( now known ypronme (’)xypr opylce 0se,
pol yvi RRHICT InccudtreChemnighls))s P(dm:t;zj/lemjglﬁrmle(e gl 6&1byW3xdsf36§0®caudQB®

ot osaPBR CHPph Ay Sov bRy FRRAR Tl e ebnrterac

cal ci uB&f@b}eﬁﬁﬁhﬁcel@ilyﬁftraiﬂlurﬁ%ﬂﬁix‘?ﬁlfeﬁ@ﬁwlIﬁﬁb@ﬁdﬁﬁﬁ)&hetﬁﬁ%@mﬁbse
cetonacrogol emyl sifying wax, sorbitan esters, polyoxyethylene al kyl

et hers (ﬂérozjye ﬂﬁ@ﬂ%@@i hyareraploss phthalee, newsrpstelline gwluloseDoygnesium

Pot 1y HERBE icER0h Binblap 0 PN RRS ORI £ 25 SRR BB Rypy,
as e.g phen'ﬁ\lvp&]lymzﬁmm etyderBvoxdde an&&"()ﬂﬁaldldh@ﬁe @)@Cltmbdﬂaﬁ tdogapdt Auberiane,

| yet h I .g.,, Carb es 3550 and 9 [ Uni on
o bt 1839 S oS Ry fo e P B Sncb A By A e l?r(%kzemeé!waérs of

phosphat©Rne oxide and propylene oxide); poloxamines (e.g., Tetronic 908®, also known as

Poloxamine 908®, which is a tetrafunctional block copolymer derived from sequential
addition of propylene oxide and ethylene oxide to ethylenediamine (BASF Wyandotte
Corporation, Parsippany, N.JI.)}; Tetronic 1508® (T-1508) (BASF Wyandotte Corporation),
Tritons X-200®, which is an alky! aryl polyether sulfonate (Rohm and Haas); Crodestas F-
110®, which is a mixture of sucrose stearate and sucrose distearate (Croda Inc.); p-
isononylphenoxypoly-(glycidol), also known as Olin-JOG® or Surfactant 10-G® (Olin
Chemicals, Stamford, CT); Crodestas SL-40® (Croda, Inc.); and SASOHCO, which is
C18H37CH2(CON(CH3)-CH2(CHOH)4(CH20H)2 (Eastman Kodak Co.); decanoyl-N-
methylglucamide; n-decyl (-D-glucopyranoside; n-decyl (-D-maltopyranoside; n-dodecyl (-
D-glucopyranoside; n-dodecyl (-D-maltoside; heptanoyl-N-methylglucamide; n-heptyl-(-D-
glucopyranoside; n-heptyl (-D-thioglucoside; n-hexyl (-D-glucopyranoside; nonanoyl-N-
methylglucamide; n-noyl (-D-glucopyranoside; octanoyl-N-methylglucamide; n-octyl-(-D-
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car boxynet hyl cel | ul ose cal ci um carboxynet hyl cel | ul ose sodi um

met hyl cel g me@i0249aydr oxyet hyl cel | ul ose, hypronel | ose phichalsadRinios3s
noncrystal line cellul ose, magnesium alum numsilicate,

tri et hanol am ne, polyvinyl al cohol (PVA),

4- (1,1, 3,3-tetramet hyl butyl)- phenol polynmer wi th ethyl ene oxi de and
f ormal dehyde (al so known as tyl oxapol, superione, and triton),

pol oxanmers (e.g., Pluronics F68(r) and F108(r), which are bl ock
copol yréu@p@fanoaﬂmdc%ﬂ@mﬂnﬁl@um@r@bﬂwlmpmpﬁ OpldPPE@)éﬁﬁle&@l%l PEG-

9088, K Pol 9
t et r af f;EBiB%%EAA%G‘SY%B’E ﬁ%@&gﬁ%ﬁﬁgﬁ&r@ﬁ %prgygg@m random malnﬁefﬂpafof

pr opyl 19¥nd8d&RAnat X di am ne (BASF Wandotte
Corporg'?l?}(’)n Pg(rim ppgrwl%%a§ I&gﬁéﬁ%oﬁ%{t Jf.xlgigﬁ(r) (T-1508) (BASF

Wandot t e odiﬁﬁmpéw asripsiul Gationierssrixeddbiiiers inbiud, tius armoalitayted &, Y|

| yet | f Roh dest 110 whi h
X ur SO PR b EINR BOChRHAE, bitb oy, SeBiiesmtcrraabids, M ) -
i sononyionb@lljrmeﬁ@@bm 6@@2‘, CdudR kg zwefiOnik @f&ﬁﬂm@é £ c#ﬁ-rhg@g%gnﬁﬁnum,

Sur f act ant in Chemcals, Stanford tas
SL- 40( ra}lq'(fr?l&a’&dﬂm% CMOHéﬁdJaEmgaﬁhmphoJﬂmdh chi¢osan, polylysme

decano oRE ORSHTUoLD fek o e, i el 3?*%‘?33?33%@&%@%@
(- D- malbtanpided ARENITIREA ) et vty im0 meiosii

D-nal t t an N- t hyl ucamde n- hept
é| ucop?rogyr‘( H@T‘ﬁ ORE %/ y q%l@[ gpdate ﬂun@hw sugfate Other useful

D- gl
E 9l CEoEIE 8aB%LEe mc'maﬂ% ot U8h yytl)géa'ﬁs g?ds 1&:@3’ m,(pthp?g%

D gl ucopyranosi de; octan gl ucam
2006/ lwdgﬂmwmm&momgismmhys aamyltﬂEBthngh‘t)ﬂlomum chloride, benzyl-

D-thi d PEG— sphol G chol est PEG
SR e, P b P
r ando mbmm@bydﬁabﬁut(ﬁiethﬁldi'h&dr eﬂﬁfi brlRReIADEhINHAY br BE6RERL Qecgll ivicra G

and the |ike. Exanples of useful cationic surface stabilizérs

i ncl udémnlﬂﬂlm&tcbloﬁé?: dery C%l@@ﬁwbhydrwe;lméﬁm@nmghlméc g1 bromide, C'12-
| |

oSS 0P AMSSEE sty

pol y- nanmdlmhrpychiodda Dnhnormé@t[ﬂibrr;stg}l tideihgtl dhabhiahl @etheEsul&ed, IRRf1C

phosph | t osan, yl ysi ne, polyvinylimdazol e, polybrene,
pol yneﬁ*@ﬁhg]tstﬁ %QWH?@IW R RSIAP Y Dimaty) (RtRaROH 4 ANV ) |
hexyl de L - -
Do ¢ A AT S R e st Nty 1
sul f at & )d&lﬂ@ﬁ"@@@ﬂﬁmmoammmhlmm Naetramyhdmethyzﬂ)emzyl Burtnomiten tlbride
limt egnonghy&g’ttel c%megl-lyll deecj?l amsmuqu%?lI c%mndghﬁ aﬁi(y? 2{1&] E&IZ -14) dimethyl 1-

napthylmethyl ammonium chloride, trimethylammonium halide, alkyl-trimethylammonium

salts and dialkyl-dimethylammonium saits, lauryl trimethyl ammonium chloride, ethoxylated
alkyamidoalkyldialkylammonium salt and/or an ethoxylated trialkyl ammonium salt,
dialkylbenzene dialkylammonium chloride, N-didecyldimethyl ammonium chloride, N-
tetradecyldimethylbenzyl ammonium, chloride monohydrate, N-alkyl(C12-14) dimethy] 1-
naphthylmethyl ammonium chloride and dodecyldimethylbenzyl ammonium chloride, dialkyl
benzenealkyl ammonium chloride, lauryl trimethyl ammonium chloride, alkylbenzyl methyl
ammonium chloride, alkyl benzyl dimethyl ammonium bromide, C12, C15, C17 trimethyl
ammonium bromides, dodecylbenzyl triethyl ammonium chloride, poly-

diailyldimethylammonium chloride (DADMAC), dimethyl ammonium chlorides,
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and quarternary amoni um conpounds, such as stearyltrinethyl amoni um
chl ori de,wbengyilozaedi ( 2- chl or oet hyl ) et hyl ammoni um br om dpgr&R8REVi0s3s
trimethyl anmonium chloride or brom de, coconut nethyl

di hydr oxyet hyl anmoni um chl ori de or brom de, decyl triethyl amonium
chloride, decyl dinethyl hydroxyethyl anmonium chloride or brom de,
Cl12- |5di net hyl hydroxyethyl anmoni um chl oride or brom de, coconut

di met hyl hydroxyet hyl ammoni um chl oride or brom de, nyristyl

tri met hildyldnpbylamontintalapehided, ericen tisthyl aphniBetii lchisgiggy! anmmoni um
chl ori %g r. brom de, |auryl dinethyl (ethenoxy)4 anmonium chloride

or br offeArimehylpamonm bromige |dﬁé§qﬁyﬂ§é}ﬂﬁm%ﬁ% Bramidenl or i de,

x'?leﬁ/g%eg&ﬁmg%wlgaenz ulnpﬁjammm WW m)no ch prife, (ALOI%‘%F‘R%Q’

di decy PWAﬁmeﬁhbMyladﬂnomIbkgtmda,riﬂ:n@ﬁlﬂmkﬁl)ylaﬁiuﬁﬁhhm brdmide, choline
napt hyl | ammoni um hal i de,

al kyl - %FWZ%/W@%WG%%I o *Jf“gy %‘H&F)d?e&F PR RHATING| eAteikpRimmrsciqride

lauryl cémbe@ide Yduch A BRI iAILRIM Seri® LMY imonivm chlor e%
al kyani doal | cyl'di al I cyl ammoni um salt and/or an ethoxyl at e

amoni Bxdigium brogiidg leﬁéifbeh@dm saltkyf quatenrizadp aijrdmihgﬂa,lkylalmnes,

0 syl i A BRI G K Y ch LT BEL L i,

napht hmmmezshudylamﬁﬁmmmm&mmes dﬂcmaﬁnﬁweﬁw&h a§ﬁ1 IN@lIﬂTDnI um
chlori a | ﬂl allc benzeneal | c ammoni um chl ori lauryl trimethyl

amoni Y WY leihaR y i m@w AT BT B @ms@emny gegtate,
benzyl st@ér@f‘ cyI gﬂgg@!c W Ealt %alk%l]}lihdlagé]lﬁ]éﬁ Edlf@%ci'%meao%@ um

br om des, afmoni u
di al | yirmdmazﬁyman sl protondiddogu attmn desdnwﬂwﬂatéd @mmnargrrpolmezs

a1 ky! o RERPLRHIV ALY G Hf’opﬁoﬁér&l%iéf’rme%w@weww. de,

decyl tEhlaﬁ&é]Kéﬁﬂ‘gﬁahjé pu¥ oM de, dodecyl triethyl ammoni um broni de,
tetradecyl trhnet hyl ammoni um brom de, nethyl trioctyl ammoni um chl oride

(ALI QUAT 338ysh expplaysationiesur fie stpbiliners and pthbr wm@anmﬂ gyrface

oty AR AR AT COR Y MRS S RarDRet e
conpouBitdogisal Evahaticn @ubickl Délaker)i 1904 Bl &1d D eR@iﬂgIﬂ{}Eﬁﬁt@?r Zhed®NI UM
chlori g}u){ cet ?/P%%pyrl di ni um brom de or chloride lide salts of

quat er Gkt ety AMarp el daekkenl BDImdah Elmfum@mom kari |
Chemi c gl F{RARa M % IOt dP Qﬁ?‘]‘:"’l 1881 589 )am nes, such as

al kyl am nes, dia am nes, canol am’nes,” pol yet hyl enepol yam nes,
N, N- Nonpolymenc surface stabzhzers are any nonpolymeric compound, such

}kyl

benzalkonium chloride, a carbonium compound, a phosphonium compound, an oxonium
compound, a halonium compound, a cationic organometallic compound, a quarternary
phosphorous compound, a pyridinium compound, an anilinjum compound, an ammonium
compound, a hydroxylammonium compound, a primary ammonium compound, a secondary
ammonium compound, a tertiary ammonium compound, and quarternary ammonium
compounds of the formula NR1IRZR3R4(+). For compounds of the formula NR1IR2R3R4(+):

@ none of R1-R4 are CH3;

(ii) one of R1-R4 is CH3;

(ii1)  three of R1-R4 are CH3;

(iv) all of R1-R4 are CH3;

(v)  two of R1-R4 are CH3, one of R1-R4 is C6H5CH2, and one of R1-R4 is an
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di al kyl am noal | cyl acrylates, and vinyl pyridine, am ne salts, such

as | auryl wodongr2gnat ate, stearyl am ne acetate, allcyl pyrh@bdtsdinsss
salt, and al kylim dazoliumsalt, and am ne oxides; imde azolinium

salts; protonated quaternary acryl am des; methyl ated quaternary

pol yners, such as poly[diallyl dinmethylamonium chloride] and

pol y-[ N-nmet hyl vinyl pyridinium chloride]; and cationic guar. Such
exenpl ary cationic surface stabilizers and other useful cationic

sur f acealkgtcabinlof £6/es carRnAasss dlegt; i n J. Cross and E. Singer,
Cationic Surfactants: Analytical and _ Biological Evaluation (Marcel

Dekker, 1994yD) p.twarmd Rd-RRatsi Gigd, quedil RdrB4 isCAHYHHS andont afR&MAis an
Physi c g r cer 991); and J. Richnond, Cationic
Surfac?él%ﬁ%%g%ﬁﬁe%gﬁbggﬁg 0? 0rr%el Del dcer, 1990). Nonpol yneric

surface st ahlvli) zaws ofiRd -RayreCHP ahd oms 6fR ICRATOMS GroupUCHH 5(CH2)n, where
benzal | gﬂni um chl oride, a carboni um conpound, a phosphoni um conpound,
an oxortum conpound, a hal oni um conmpound, a cationic organonetallic

compound, & QA" HGLATRI-RE Qf?@ﬁ?fcﬁx‘é%ff{‘?@@iéﬁ%}{ﬁ%m rind iopie Uik ggapound,
an anilini um conpound, an amonium conpound, a hydroxyl anmoni um

conpourfempaises 4t deasionetretarpaiomg onpound, a secondary  anmoni um
conpound, a rtiary I U Qu d nary a L.um
conpounds ofé’She R roﬁgﬁ‘ﬂﬁf%%g%ﬁ 19? %1&%{130%%@8@1? Hgﬁﬂgﬁnul a
NleR%Bﬂ(pﬁk@satQéabtmmgenﬁl -R4 are CH3; (ii) one of RI-R4 is CHS;

(iii) three of RL-R4 are CH3; iv) all of RL-R4 are CH3; (v) two of
R -R4 are CHE) orf&osH RirReare GHEams ofR]-Rihis (B @2, Rnd rae pERER4 25 WO

2006/ 1%@%%@%@%&3’9@??@?@1 kyl chain of seven carbon atons or

| ess; (Vi , one of RI-R4 is C6H5CH2, and one of
R -R4 is an (x8l kyvoof &1FR ¢ hrerCH2 tedoneca ToR4 & Dphengl rifi@re®, (Vii) two

of RI-R4 are | and f -R4 |s th roup C6115(CH2)n, where
n>1; (viii) & &WOR{%%?;R%PL@M@ fo R 4R¥F’H"§eéf6§49@ﬂ2ﬁ%n§ne of
R1-R4 conprises at |east one heteroatom :

Such compounds include, but are not limited to, behenalkonium chloride,

benzethonium chioride, cetylpyridinium chloride, behentrimonium chloride, lauralkonium
chloride, cetalkonium chloride, cetrimonium bromide, cetrimonium chloride, cethylamine
hydrofluoride, chlorallylmethenamine chloride (Quaternium-15), distearyldimonium chloride
(Quaternium-5), dodecyl dimethyl ethylbenzyl ammonium chloride (Quaternium-14),
Quaternium-22, Quaternium-26, Quaternium-18 hectorite, dimethylaminoethylchloride
hydrochloride, cysteine hydrochioride, diethanolammoninm POE (10) oletyl ether phosphate,
diethanolammonium POE (3)oleyl ether phosphate, tallow alkonium chloride, dimethyl
dioctadecylammoniumbentonite, stearalkonium chloride, domiphen bromide, denatonium
benzoate, myristalkonium chloride, laurtrimoniwm chloride, ethylenediamine
dihydrochloride, guanidine hydrochloride, pyridoxine HCI, iofetamine hydrochloride,
meglumine hydrochloride, methylbenzethonium chloride, myrtrimonium bromide,
oleyltrimonium chloride, polyquaternium-1, procainehydrochloride, cocobetaine,
-stearalkonium bentonite, stearalkoniumhectonite, stearyl triydroxyethyl propylenediamine
dihydrofluoride, tallowtrimonium chloride, and hexadecyltrimethyl ammonium bromide.
Most of these surface stabilizers are known pharmaceutical excipients and are

described in detail in the Handbook of Pharmaceutical Excipients, published jointly by the
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(ix) two of RI-R4 are CH3, one of R-R4 is C6H5CH2, and one of R -R4
conpri sesyghods@@siogone hal ogen; (x) two of R-R4 are 0431,?,9,%@%0%@05@4
t

is Co6H5CH2, and one of RI-R4 conprises at |east one cyclic fragnent;
(xi) two of RI-R4 are CH3 and one of RI-R4 is a phenyl ring; or (xii)
tw of R-R4 are CH3 and two of RI-R4 are purely aliphatic fragnments.
Such conpounds include, but are not limted to, behenal koni um
chloride, benzethoniumchloride, cetyl pyridn ium chloride,

behent rAHgHYaH PhehRELER AL@dAh SRNTHOPh&RA0MES SoeflRbt ﬁ&{a{ Bfftain (The
b I e, ylam'ne

chloride, cetrinonium brom de, cetrinonium chlori cet
hydr of [PhamageyticehPresa 2000 renaeiivally insoxpotated lteeif Quatferanceim 15)
di stearyl di nonium chloride (Quaterniumb5), dodecyl dinethyl

et hyl benzyl i ride (Quaternium14), Quaternium 22,
R R

Quatem um 2 um 18 hectorite, dinethylam noethylchloride
hydr ochl ori de, cysteine hydrochl oride, diethanol amoni um POE (10)

ol etyl et helPopidosphalymers ai¢ etdngriatyaunfave stubilREks HB)@! igfdrn@ilikéls an
phosphat.e, .tall qw al koni um chl qr.i de,. di nmef hyl . .

oot oty IR A AR O PELC e Se BRI Arevieidon. cRovidesnghenes, lso
brom denowe Agh S ideh i ' | ' jggm
chl ori dec,) et h%/l gir?edi (Szﬁﬁﬁg%g‘?‘ﬁym’cﬁi r ihﬁg%} kséuan:d glﬁéﬁgﬁehsycg(?g%ie? g{réﬁ-gaghl
pyr i doximes Kallidon® (A SR Cvep hymit Blasdone? (8P Tenmmllagissninct)y Afheghteor i de,
met hyl bepzet honi um chl or de, triponi um prom de, . o] eyl trinoni um
ohi of i AEVASBASGACRAISHHAE Halechlesi WER§ SRORRAImES IcBhghbPpedinone
st ear abbBATRFLHRIDEHHIND t§iroRlifsi b i PREMNDPEGIM ﬁcﬁym&ts%%lloduced ,

tri hydroxyet hyl propyl enedi am ne di hydrofluoride, tallowrinonium
chl or i gemmgrraallyeasadetips of pradudiyhavingmednmelecda eightvbsiging fromebeut

; bl ti "o ent q
doscr BRBOF R dHaE 70 B0 o R B e bR s e Bt B B selfbund o
publ i sbeddmistéred tdy mahenal AGe Y6¥idScl AR AudtGdvd ISABRE 1AL Qibht of Tess
Anerican Pgar maceut j cal Assocl atjon and The Pharnaceutical Society of
G eat %rama P 401900 dapipns. asa eplscalar wepght of sreaigpthan 4,869 faléepnsiwould have

incorpgffﬁflg QELES 1@30({3gference. Povi done Pol yners Povi done pol yners
are exenpl ary surface stabilizers for use in forrmulating an
i nj ect abl e &ovidbispalminme/anapopared by, utbatngde, Repps's pravess, tanpridiag:i on.

AR ECE T WO TN TN
synthesis; (2) dehydrogenating the 1,4-butanediol over copper at 200° to form y-
butyrolactone; and (3) reacting y-butyrolactone with ammonia to yield pyrrolidone.
Subsequent treatrnent with acetylene gives the vinyl pyrrolidone monomer. Polymerization is
carried out by heating in the presence of H,O and NHi. See The Merck Index, 10™ Edition,
pp. 7581 (Merck & Co., Rahway, NI, 1983).

The manufacturing process for povidone polymers produces polymers containing
molecules of unequal chain length, and thus different molecular weights. The molecular
weights of the molecules vary about a mean or average for each particular commercially
available grade. Because it is difficult to determine the polymer’s molecular weight directly,
the most widely used method of classifying varions molecular weight grades is by K-values,
based on viscosity measurements. The K-values of various grades of povidone polymers
represent a function of the average molecular weight, and are derived from viscosity

measurements and calculated according to Fikentscher’s formnula.

27



nanes Kol | idon(r) (BASF Corp.) and Pl asdone(r) (ISP Technol ogi es,

I nc.). Theyo mee1pe4ydi sperse macronol ecul ar nol ecul es, Wetrlirsdons/010535
chem cal nane of 1-ethenyl-2-pyrrolidinone polyners and
1-vinyl-2-pyrrolidinone polynmers. Povidone polynmers are produced
commercially as a series of products having nmean nol ecul ar wei ghts
rangi ng fromabout 10,000 to about 700,000 daltons. To be useful as
a surface nodifier for a drug conpound to be admnistered to a

mﬁmml ] t he O‘ﬁhwwoOdghteaxmmgenﬁn11mslem:ﬂazv\eclaxghmytve,qu Heténmwhjr nﬁfhdﬁ@&ﬁt
t han about 4 a_ nol ecul ar wei reater_ than
40, 000 ﬁ%?sﬂl&%@e\)ﬁ?tﬁ%gﬁ %ﬁgﬁmdg fi‘Farléftﬂlwfeésl %18’9 Pﬁgy ilah,ts EFVnngﬂb]Gdne
pol ymer grodikies I |

(1) obt%rl ni ngﬂ?ﬁg@aﬁﬁg%géﬁ%ﬁg??%ﬁ?gggt ene an %%goﬁé’g&&!g%}s”gu of
Reppe bwukighiagrselublsnt hesis; (2) dehydrogenat i ng the 1, 4- but anedl ol
over copper at 200 to formy- butyrol actone; and (3) reacti ng
y-butyrol actone wth ammonia to vyi et/g% r,rol i done. Subsequent
treatment with acetyl ene gives the @ yrroI i done nonormer .
Polymerization is carried out by heating in the presence of H20 and
NH3. See The Rvidduel ndeX-Valiteh| Edi tvien, poiw/581 (Mer ki Co.,
Rahway, NJ, 1983). Thg manuf acft uq})mngy%ecquaﬁgﬁs)pewd mlgmsymrs

produces [QYMBRSCCONTRMIING [0l eggigeS of vat—chap m rengkiy —and
thus diffegrget noleculjar wei ghts The rmlec%?’?rg wei ghf s of ’HUO

LD anncrh N~ || ar

nmol ecul es ut—3 av f-of parti-epi-at

commer ci al mébg Be ')g)@ |6205210p?f| cult|to det®r¥ ne
t he pol yng ar-:hej nh'r directly Ithe mgnst widely used netlhod
of cl assi f)}[i‘?ibd%ﬂ oud Woldcullar vkEI¥ht g 2¥9-3.800y K- val ueb300 based
on vi scosiltBF neasurengnts. The K-val ues of| various grapdes of povi done
polyners |l&gliéselit a |flérrd i onl of 9.3 averggmwonnl,eooul aF wel ghkpo and
are derivedH® om viscqsity ndgasurenments and cal cul at ed accordl ng fto

Fi kent SChE'rKcﬁh&é}{iﬁm a. 24/32\1@ UUb/MHLL id ‘28’0‘69;‘4‘6?10“ i UGQ
hu h

}Aﬁé?hfmgg 5’“36 "§°°‘§1FJ Rl lggfiﬁea&ﬁn 400 e, ﬂg&ewﬁ%n ol
i ght é%%? og stabilize &IOS fo Brdpnnistpaecparentcially Greal
comer ¢kt avallable pOV|done polymers, all of which are soluble.

TABLE 1 Pow Q%P I,EhVaI ue,. My Mv Mh
v is the viscosity-average molecular weight, Mn is the number-average molecular

weight, and Mw is the weight average molecular weight. Mw and Mn were determined by
light scattering and ultra-centrifugation, and My was determined by viscosity measurements.

Based on the data provided in Table 1, exemplary useful commercially available
povidone polymers for injectable formulations include, but are not limited to, Plasdone C-
15%, Kollidon 12 PF®, Kollidon 17 PF®, and Kollidon 25%.

4, Nanoparticulate Corticosteroid Particle Size

As used herein, particle size is determined on the basis of the weight average particle
size as measured by conventional particle size measuring techniques well known to those
skilled in the art. Such techniques include, for example, sedimentation field flow
fractionation, photon correlation spectroscopy, light scattering, and disk centrifugation.

The compositions of the invention comprise at least one nanoparticulate corticosteroid
having an effective average particle size of less than about 2000 nm (i.e., 2 microns). In

other embodiments of the invention, the corticosteroid nanoparticles have an effective
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(Dalton ** (Daltons)** (Dalton s)" Plasdone G 17 1 7 000 10, 500
3,000 15(ph @I,ﬁgg@ne C 30.5 f 38,000 62,500* 16, 500 /%20%5510 35
Kol I'idon 12 11-14 3,900 2, 000-3,000 1,300 PF(r) Kol I|don é %
9, 300 7,000-11, 000 2 500 PF(r) Kollidon 25(r) 24-32 25,700

28, 000- 34, 000 6,000 *Because the nol ecular weight is greater than
40, 000 daltons, this povidone polyner is not useful as a surface
stabilizer for a drug conpound to be adm nistered parenterally (i.

i nj ect - r [ he
nUber - paER acleRize 08 WAl OB AR Rl Rt abin 1805 o Mo o
nol eculldpP0 we, {ss thaviabamtd 600 nue iees deneboitriSA0 by, leks diat abartited hmglesnd

meaisor St BRI e el Ead0 it e Pl 00 B s ghenpodonn

CONMEr Ginglidsy tigmnaiboatd(® nrR Q¥isdRALaHRRt JOTRKS, 1&@%&%@9& 240 Bnf ragsr&lélaauogﬂs
include, but are not limted to, PI asdone C- 5§£h Kol l'id

PF(r), SRBPM. desh thep abpyt§00 namdesedhan ahont (). less mb@phmq o latedhan
Cortic %ﬁ&%rﬁfggqmﬁ%s% Ltl%n%b%#ltzﬂﬁﬁnﬂgs%q@}xee{b%h&SOQ‘% tl%: tﬁar? W&t 5% nm, less

det er mi ne SIS O e wel ght aver age I'C St ze as
measur dbhnmpoandfifemth lessatharpﬂ:fomi: 20emsa]| less tﬂmashuut h§p fracless Ghae sbowe 00 nm,
known to thos lled.in art, Such techni ques_include, for
exanpl essma%@mﬁ T lpest 4‘3(9\1195 5¢ PRces BERsIeE Ry h@hbﬁ‘@#“*‘%%% wgthgds. on

spectr di sk centrifugation. The
AFERRYop 34 bﬂ&‘tﬁcﬁ%ﬁ rEﬂ; ot 1Hethdd

conposi tions on conprise at |east one nanoparticul ate
corti cost er dinf‘effeativanycragephftistd sizeotivwsthapeboat 2000 nm’singensahat|ablesst
t han a%

00 i . oth t f th
o ont S0 oFRE S e SRl dyaClethiba R e A FoBeag o
2006/ 102484, {RCTE4IHADML DEIRnm A VEh @ OEFFRAVS dvedpeParRIPdizd 88 Sest AR
about 1900 nrr{h | ess than about 1800 run, |ess than about 1700 rim

less t RBoPAGE0 Y 850 4 least abesisS 0% afthatserticostsp! priticlpekayeta rige efess than
1400 nypay,:l1986 nm, when measured by the above-noted techniques. The same is true for the

other particle sizes referenced above. In other embodiments, at least about 60%, at least
about 70%, at least about 80%, at least about 90%, at least about 95%, or at least about 99%
of the corticosteroid particles have a particle size less than the effective average, i.e., less than
about 2000 nm, less than about 1900 nm, less than about 1800 nm, etc..

In the invention, the value for D50 of a nanoparticulate corticosteroid composition is
the particle size below which 50% of the corticosteroid particles fall, by weight. Similarly,
D90 and D95 are the particle sizes below which 90% and 95%, respectively, of the
corticosteroid particles fall, by weight.

5. Concentration of Antihistamine, Nanoparticulate Corticosteroid, and
Surface Stabilizers

The relative amounts of antihistamine, corticosteroid, and at least one surface
stabilizer can vary widely. The optimal amount of the individual components depends upon,
for example, the particular antihistamine selected, the particular corticosteroid selected, the
physical and chemical attributes of the surface stabilizer(s) selected, such as the hydrophilic
lipophilic balance (H{LB), melting point, and the surface tension of water solutions of the

stabilizer, etc.
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the stabil i\ﬁr, etc. 29 WD 2006{ #@2494 PCT/ US 006/ 010535
Preferably, YhdlOoRERIGAsAPGRISPL MireomBPiifigns Hremoa SPRCPTPFiE

about QBrh¥ieRi@ROtdoncentration selected from the group consisting of about 10 mg/mL or
more, about 100 mg/mI. or more, about 200 mg/mL or mere, about 400 mg/mL or more, or
about 600 mg/mL.

6. Other Pharmaceutical Excipients

Pharmaceutical compositioris of the invention may also comprise one or more binding
agents, filling agents, lubricating agents, suspending agents, sweeteners, flavoring agents,
preservatives, buffers, wetting agents, disintegrants, effervescent agents, and other excipients
depending upon the route of administration and the dosage form desired. Such excipients are
well known in the art.

Examples of filling agents are lactose monohydrate, lactose anhydrous, and various
starches; examples of binding agents are various celluloses and cross-linked

polyvinylpyrrolidone, microcrystalline cellulose, such as Avicel® PH101 and Avicel® PH102,
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Suitable disintegrants include lightly crosslinked polyvinyl pyrrolidone, com starch,
potato starch, maize starch, and modified starches, croscarmellose sodium, cross-povidone,
sodium starch glycolate, and mixtures thereof.

Examples of effervescent agents are effervescent couples, such as an organic acid and
a carbonate or bicarbonate. Suitable organic acids include, for example, citric, tartaric, malic,
fumaric, adipic, succinic, and alginic acids and anhydrides and acid salts. Suitable carbonates
and bicarbonates include, for example, sodium carbonate, sodium bicarbonate, potassium
carbonate, potassium bicarbonate, magnesium carbonate, sodium glycine carbonate, I-lysine
carbonate, and arginine carbonate. Alternatively, only the sodium bicarbonate component of

the effervescent couple may be present.
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2006/ 1(38@@@{5}3@82006/010535 7. Aerosol Dosage Forns of

Anti hi st am ne/
Using the compositions of the invention, poorly water soluble or essentially water-

insoluble corticosteroids can be delivered to the deep lung (as well as to the upper lung).
This is either not possible or extremely difficult using aerosol formulations of micronized
corticosteroids. Deep lung delivery requires a MMAD of less than or equal to about 2
microns. A drug particle having such an aerodynamic diameter and a density of about 1 will
have a geometric diameter of less than or equal to about 2 microns. The relationship between
aerodynamic diameters and geometric particle sizes is represented by the following equation:
Aerodynamic diameter = geometric diameter (density)'2
See col. 11, lines 18-46, of Edwards et al.; and P. Byron, “Aerosol Formulation, Generation,
and Delivery Using Nonmetered Systems,” Respiratory Drug Delivery, 144-151, at 145
(CRC Press, 1989). A. geometric particle size of less than or equal to about 2 microns is
difficult or impossible to achieve with jet milling; i.e., the process used to obtain micronized
drugs. The present invention overcomes this difficulty by incorporating nanoparticulate sized

corticosteroid particles into aggregates having a variety of MMAD sizes, thus allowing for

32



Nanoparticul ate Corticosteroid Conpositions of the Invention The

i nvent i oRygReRApASses dry powder aerosol of the PCT/US2006/010535
anti hi st am ne/ nanoparticulate corticosteroid conpositions of t%e

i nvention and |iquid dispersion aerosols of the

ant i hi st am ne/ nanoparticul ate corticosteroid conpositions of the

I nvention. In one enbodi nent of the invention, the aerosol droplets
conprising the antihistam ne/nanoparticulate corticosteroid
conpositirgenivgy ef drigietoivarend fegidné of t_haﬂéé?ﬁhl‘éry 1#c8 RRAIBHIAR 4B BALHSiivey.
the dry powder aggregates conprisin he )

anti hi st ani r&eRd WERYUP BECESHEY fqr%&ﬁséhaém intsnbessior systemiof t he

I nvent i,@p ;. s edia, aer odynam c
o ‘ot ooy et oRREBap 185E BARSR, b T TR e B T g e
enbodi rpbrwdstresin viaghé alvenii, il enbbingaepid ket df aploat s conpri sing the

ant i hi st am ne/ oparticul ate, corticosteroid conpositions of the

i nventi on f&Fasacafa’é’g‘ﬁ@“‘m&i‘}%é\e&%ﬁf‘é@?@i"o@il}m@r‘)ftaﬁe dry powder

aggr egah@seRMmhmbPaitdste cBftidobtRi RS i i i
corti costerso_i d corrpgsilt [ oﬁs of th?%\%%sggﬁ%?ﬁé%?%t%%\?gggsedmaﬂ
aer osoRBPropate selvamiss asra dispersomon puspensiondofiive betihi§thdiid) nanbpigulabout

30 to .. mcrons; .(2). a t 0.1 to about, .10 mc¢rons; (3) about
2 to agglﬁ#&%gf%‘%‘%‘%‘%%";sﬂﬁP 1‘% &%‘Kirﬁ@af%%]‘? A Yo StabifiEeE g §.erE‘i“ﬁ§ert Ao
conpos kblutions isAfordphiged HVALEBMSYRIHBQREITI Ble i '

wat er - ié1soltsbloelﬂﬂgo?t [ coste}?g}hs carllr lll_)%q%eIei?ggnggh%@%gﬁggﬁdt?%d%em
(as wePRd artiquglly gae pppare qogplyynts. Wiaies iy the éymi¢ad solyent. Blnvesivist, theor

extre j+ f £1 ' |at:l;ons of micronjzed

cor 1 coorBsuol ity hot iy QAAEERREL: ASIH HUCOSe ol B aiE emisma,
equal havedtbdetenploywiddo form a dolatiang udeblecbeiveans ingludel Gt ar eelistyd el C

di anet er d.a densi of. about 1 wll _ have a geonetric dianeter of
| ess tﬁ%ﬂﬁgl?m_é ‘FO%PB/ Paﬁl%’ilaéf‘?vﬁ‘f"é‘.OI-The rel ationship between
aer odynani ¢ s &l akSiRAnEERAMBILLE ColRbiibhl .ct Bbei HEBERAGALAY DY
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present i nveRtd] Wm0 RESaikdhS ittt & rﬁf‘éfté/di%’aégé»i@f]?% A?lg%&}s{oﬂg T these

nanoparticul ate sized corticosterord particle gregates
havi ngtypevef foenylatibndyMiBnishigtesmineftanspaatidudate oertibester3@l composition according

to the invention can be in the form of a dispersion or suspension of the active agents in water
with or without one or more suspending agents. Suitable suspending agents are surfactants,
emulsifiers or surface modifiers and can be selected from known organic and inorganic
pharmaceutical excipients. Such excipients include various polymers, low molecular weight
oligomers, natural products, and surfactants.

In cne embodiment of the invention, for aqueous aerosol formulations, an
antihistamine/nanoparticulate corticosteroid composition according to the invention is present
at a concentration of about 0.05 mg/mL up to about 600 mg/mL (concentration. for each
active agent). In another embodiment of the invention, for dry powder aerosol formulations,
an antihistamine/nanoparticulate corticosteroid composition according to the invention is

present at a concentration of about 0.05 mg/g up to about 990 mg/g (concentration for each
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comprise colloidal dispersions of at least one antihistamine, at least one nanoparticulate

corticosteroid, and at least one surface stabilizer in an aqueous vehicle which is formulated as
an aerosol using air-jet or ultrasonic nebulizers. The advantages of the use of such aqueous
aerosols can best be understood by comparing the sizes of nanoparticulate corticosteroid
compositions according to the invention with micronized particles of such drugs and the sizes
of liquid droplets produced by conventional hebulizers. Conventional micronized material is
generally about 2 to about 5 microns or more in diameter and is approximately the same size
as the liquid droplet size produced by medical nebulizers. In contrast, nanoparticulate
corticosteroid compositions according to the invention are substantially smaller than the
droplets in such an aerosol. Thus, aerosols containing nanoparticulate corticosteroid
compositions according o the invention improve drug delivery efficiency. Such aerosols

comprise a higher number of corticosteroid nanoparticles per unit dose, resulting in each
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aerosols is that they permit water-insoluble or poorly water soluble active agents, such ag
corticosteroids, to be aerosolized by ultrasonic nebulizers which require nanoparticles
comprised of compositions according to the invention to pass through very fine orifices to
control the size of the aerosolized droplets. While conventional drug material would be
expected to occlude the pores, such nanoparticulates are much smaller and can pass through
the pores without difficulty.

In one embodiment of the invention, substantially all of the liquid dispersion droplets
of the aqueous aerosol of the invention comprises at least one antihistamine particle, at least

one nanoparticulate corticosteroid particle, or a combination thereof,
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conpositions according to the invention inprove drug delivery
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PCT/ US2006/ 010535 aerosolized droplet conprising at | east one drug
particle (i.e., at least one corticosteroid particle). Thus, with
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Tucson, t¥dagopartio@hte %Bﬂich@céro%ﬂ?iﬁ%\%rﬁgﬁ Qmeﬂﬁﬁ@&l@QHTssﬁﬁf-Qﬁéﬁ and freeze-

according to the invention is ul trasoni ¢ nebul 'zers can be used

to del i depd pansparticylaiganasdessrandieaiset inetledryineselenbihelerm@Rpandi cul at e
corti co?)I.egg ngﬁ%ge%cpa%%i@garl%rﬂg%@\érent ion to the lung. Unlike

convent rona mcroni z oi ds, the nanoparticul ate

corticost er ddgl pesvdee athialeys @aFIe) oihichaavalneldeapBRMBHEOAM defos¥iitdtidn of dry
deposition charactegristics. A specific _advantage of these aqueous
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such napepaf 4li, PulvabesmPBAk @ﬁgbzeéwgﬁgsgqs@@dsmma@%%g),h&éa&%mg b Renturi

pores without difficulty. In one enbodi nent of the invention,

subst anedugtonhaying apfaxisheirfinlgiinbe wpsiisemsif ervenfutpestistion; EP 347 779, describing
a hand-held powder disperser having a collapsible expansion chamber, and U.S. Pat. No.
5,785,049. The entire content of these references are incorporated herein by reference and are
directed to dry powder delivery devices for drugs.

A dry powder inhalation formulation can also be delivered by means of an aerosol
formulation. The powders may consist of inhalable aggregates of
antthistamine/nanoparticulate corticosteroid compositions according to the invention, or of
inhalable particles of a diluent which contains at least one embedded
antihistamine/nanoparticulate corticosteroid composition according to the invention.
Powders comprising an antihistamine/nanoparticulate corticosteroid composition aceording
to the invention can be prepared from aqueous dispersions of nanoparticles by removing the
water by spray-drying or lyophilization (freeze drying). At least one antihistamine can be

added to the nanoparticulate corticosteroid dispersion either before, during, or after spray
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of the aqueous aerosol of the invention conprises at |east one

anti hi st agighaepafldcl €, at least one nanoparticul ate c@ti i
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directe . u owder ejector having a suction stage an% an
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di sperseffeldadd Ng an axial air flow tube; Fox et al., Powder and Bul k

Engi neering, pages 33-36 (March 1988), describing a venturi eductor
having an axiegnesimbddiment of tiecinuesion caibstafitiAly\ I agd@sdatds G iB oy

347 779 ri bi a - hel d wder di sperser having a i
col | aps?‘gq@%ée:ex%geﬁg‘?o&ﬁ agﬁ%%%g}u}e %YB&E} %Eeaﬁfeﬂf{e IRpoparticulEe Coigostarnis
ent i r e patitlensr doniiggRnrBéesfences are incorporated herein by

reference and are directed to dry powder delivery devices for drugs.
A dry powder inhalation formulation can al so be delivered by neans of

an aerosol formulation. Thg Hﬁﬁ‘ﬁjﬁ&f MBYe.S si st .of inhalable
aggregates of anti hi s{]am n ?ﬁ 19£rg{n?0 ﬁjog%r%ﬁ‘;? O?ita%rt&ogam es

conpositions according to t Vent
of a diluent which contai ns~3H Oélg'é’fls one enbedded

anti hi stam (r;ﬁ/ nanoparticul ate corticosteroid conposition according to
the i nvent i oNCWIBHURIBPES RS HpFHEA siemiae/ nampiartiovtasesartitontaroidarripositiane
corti C%E@fd%gjtoqg@ﬁ@%ﬁﬁdn%%%%?a{d@'b?rgspray-drying aqueous dispersions of a

nanoparticulate corticosteroid composition according to the invention and a surface stabilizer

to form a dry powder which consists of an aggregated nanoparticulate corticosteroid
composition, At least one antihistamine can be added to the nanoparticulate corticosteroid
composition either before, during, or after spray drying. The aggregates can have a size of
about 1 to about 2 microns which is suitable for deep lung delivery. The aggregate particle
size can be increased to target alternative delivery sites, such as the upper bronchial region or
nasal mucosa by increasing the concentration of a composition according to the invention in
the spray-dried dispersion or by increasing the droplet size generated by the spray dryer.
Alternatively, the aqueous dispersion of a nanoparticulate corticosteroid composition
according to the invention and surface stabilizer can contain a dissolved diluent such as

lactose or mannitol which, when spray dried, forms inhalable diluent particles, each of which
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to the invention can be prepared from aqueous dispersions of
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Antihistamine/nanoparticulate corticosteroid compositions according to the invention

in the form of nanoparticle dispersions can also be freeze-dried to obtain powders suitable for
nasal or pulmonary delivery, At least one antihistamine can be added to a nanoparticulate
corticosteroid dispersion either before, during, or after freeze drying. Such powders may
contain aggregated antilﬁsta.mine/nanoparti‘culate corticosteroid compositions according to
the invention having a surface stabilizer. Such aggregates may have sizes within a respirable
range, i.e., about 2 to about 5 microns. Larger aggregate particle sizes can be obtained for
targeting alternate delivery sites, such as the nasal mucosa.

Freeze dried powders of the appropriate particle size can also be obtained by freeze
drying aqueous dispersions of a composition according to the invention and surface stabilizer,
which additionally contain a dissolved diluent such as lactose or mammitol. Jn these instances
the freeze dried powders consist of respirable particles of diluent, each of which contains at

least one embedded antihistamine particle, at least one nanoparticulate corticosteroid particle,

or a combination thereof,
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the spray-dried dispersion or by increasing the droplet size
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by freeZempared to conventional formulations, the present invention affords increased delivery to
the deep lung regions because the inhaled corticosteroid nanoparticles are smaller than,
conventional micronized material (<2 microns) and are distributed over a larger mucosal or
alveolar surface area as compared to miconized drugs.

The antihistamine/nanoparticulate corticosteroid compositions utﬂize& in pMDIs can
utilize either chiorinated or non-chlorinated propellants. Concentrated aerosol solutions or
antihistamine/nanoparticulate corticosteroid aerosol formulations can also be employed in
pMDlIs.

Ocular formulations are in the form of a solution comprised of an
antihistamine/nanoparticulate corticosteroid composition according to the invention in an
appropriate solvent or a dispersion or suspension thereof in a liquid phase and a stabilizer,

details of which are set forth above.
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dryi ng aqueous di spersions of a conposition according to the

i nvent i onwyoGibhiace stabilizer, which additionally ceataisRd/eiosss
di ssol ved diluent such as lactose or maimtol. In these instances
the freeze dried powders consist of respirable particles of diluent,
each of which contains at |east one enbedded anti hi stam ne particle,
at | east one nanoparticul ate corticosteroid particle, or a

conbi nation thereof. 38 WO 2006/ 102494 PCT/ US2006/ 010535
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particl gs: Ei.Si.N enbedded... anti hi stam ne and _nanqparticul ate
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Concent fegd BB ZateotDb. 56TQUH8Dfes “Dethod of Preparing Nanoparticle Compositions

Containing Charged Phospholipids to Reduce Aggregation,” all of which are specifically

incorporated herein by reference.

The resultant nanoparticulate corticosteroid compositions or dispersions can be
combined with at least one antihistamine and then utilized in solid, semi-solid, or liquid
dosage formulations, such as liquid dispersions, gels, acrosols, ointments, creams, controlled
release formulations, fast melt formulations, lyophilized formulations, tablets, capsules,
delayed release formulations, extended release formulations, pulsatile release formulations,
mixed immediate release and controlled release formulations, etc.

In another aspect of the invention there is provided a method of preparing the
antihistamine/nanoparticulate corticosteroid formulations of the invention. The method

comprises the steps of: (1) dispersing the desired dosage amount of a corticosteroid in a
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of a solution conprised of an antihistam ne/ nanoparticulate
corticosteroid conposition according to the invention in an
appropriate solvent or a dispersion or suspension thereof in a liquid
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| east one anti hi stam ne and then utiliz in so sem - sol
| i qui d optimal speed such that the medla cascades and reduces the drug particle size by impaction.

The media used must have a high density as the energy for the particle reduction is provided
by gravity and the mass of the aftrition media. Following particle size reduction of the at |

least one corticosteroid, at least one antihistamine is added to the composition.

1. Corticosteroid Particle Size Reduction Using Milling

Media milling is a high energy milling process. Corticosteroid, surface stabilizer, and
liquid are placed in a reservoir and re-circulated in a chamber comprising grinding media and
arotating shaft/impeller. The rotating shaft agitates the grinding media which subjects the
corticosteroid particles to impaction and sheer forces, thereby reducing the corticosteroid
particle size.

The corticosteroid can be added to a liquid media in which it is essentially insoluble

to form a premix. The surface stabilizer can be present in the premix or it can be added to the
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dosage fornul ati ons, such as liquid dispersions, gels, aerosols,
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| east oneoa i st Mo iy sh Mol il s B plif X ealinlis bt
conposi 87k, thersdlatiyely shartet milting time requitied té provitetthodesited eednatidr @lpRrticle
size of _; Js eroild is reduced to an effective_average

e 11 o1 28 B E RS chrbue S50 AT eiet b e hon dbeut 100 o
provi di atpute00teenepbist, ALE Corf 1M1 RN Bk Bok & viBOUE d#0he %‘femti)bﬁ preferably
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The corticosteroid particles can be reduced in size at a temperature which does not
significantly degrade the corticosteroid molecule. Processing temperatures of less than about
30 to less than about 40°C are ordinarily preferred. If desired, the processing equipment can
be cooled with conventional cooling equipment. Control of the temperature, e.g., by
jacketing or immersion of the milling chamber in ice water, is contemplated. Generally, the
method of the invention is conveniently carried out under conditions of ambient temperature
and at processing pressures which are safe and effective for the milling process. Ambient

processing pressures are typical of ball mills, atiritor mills, and vibratory mills.
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poly(tetrafluoroethylenes), e.g., Teflon®(E.I du Pont de Nemours and Co.), and other

fluoropolymers; high density polyethylenes; polypropylenes; cellulose ethers and esters such
as cellulose acetate; polyhydroxymethacrylate; polyhydroxyethyl acrylate; and silicone-
containing polymers such as polysiloxanes and the like. The polymer can be biodegradable.
Exemplary biodegradable polymers include poly(lactides), poly(glycolide) copolymers of
lactides and glycolide, polyanhydrides, poly(hydroxyethyl methacylate), poly(imino
carbonates), poly(N-acylhydroxyproline)esters, poly(N-palmitoyl hydroxyproline) esters,
ethylene-vinyl acetate copolymers, poly(orthoesters), poly(caprolactones), and
poly(phosphazenes). For biodegradable polymers, contamination from the media itself
advantageously can metabolize in vivo into biologically acceptable products that can be
eliminated from the body.
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N
Particle Size Reduction
\2
Vial Filling
2

(Lyophilization) and/or (Terminal Sterilization)

As indicated by the optional steps in parentheses, some of the processing is dependent
upon the method of particle size reduction and/or method of sterilization. For example,

media conditioning is not required for a milling method that does not use media. If terminal
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1 Conpounding 1 Particle Size Reduction
then directed toward each other and collide in the interaction zone. The resulting product has
very fine and uniform particle or droplet size. The Mlcroﬂuachze: also provides a heat
exchanger to allow cooling of the product. U.S. Patent No. 5,510,118, which is specifically

incorporated by reference, refers to a process using a Microfluidizer,®

3. Corticosteroid Particle Size Reduction Using Precipitation

Another method of forming the desired nanoparticle corticosteroid dispersion is by
microprecipitation. This is a method of preparing stable dispersions of nanoparticulate
particles of the composition according to the invention in the presence of one or more surface
stabilizers and one or more colloid stability enhancing surface active agents free of any trace
toxic solvents or solubilized heavy metal impurities. Such a method comprises, for example,
(1) dissolving the corticosteroid composition according to the invention, in a suitable solvent
with mixing; (2) adding the formulation from step (1) with mixing to a solution comprising at
least one surface stabilizer to form a clear solution; and (3) precipitating the formulation from
step (2) with mixing using an appropriate nonsolvent. The method can be followed by

removal of any formed salt, if present, by dialysis or diafiliration and concentration of the
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contain chlorinated hydrocarbons, include HFA-134a (tetrafluoroethane) and HFA-227

(heptafluoropropane). While non-chlorinated propellants may be preferred for environmental

reasons, chlorinated propellants may also be used in this aspect of the invention.

5. Non-Aqueous Pressurized Milling System

In a non-aqueous, pressurized milling system, a non-aqueous liquid media having a
vapor pressure significantly greater than 1 atm at room temperature is used in the milling
process to make a nanoparticulate corticosteroid composition. If the milling mediaisa
suitable halogenated hydrocarbon propellant, the resultant nanoparticulate corticosteroid
dispersion may be filled directly info a suitable pMDI container (following the addition of at
least one antihistamine). Alternately, the milling media can be removed and recovered under
vacuum or heating to yield a dry composition comprised of a nanoparticulate corticosteroid

composition. Following the addition of at least one antihistamine, this composition can then
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al so betddp@eudshof hi s aspect of the invention. 5. Non-Aqueous
Pressurized M[Iling SystemlIn a non-aqueous, pressurized mlling
system a nof®aquewrasolizingd sispedioa diav anthistamumenopartisdaie eorticosteroid

o B R Fahh 4 TR Py BEF R i
conposi the@dmpbéitibh 6f fHelihvdhioNBeknBrides afleast one antihistamine, at least one

nanoparticulate corticosteroid, and at least one surface stabilizer, wherein the nanoparticulate

corticosteroid is obtained by grinding, homogenization, precipitation, or supercritical fluid
particle generation techniques. The aggregates of a nanoparticulate composition according to
the invention and surface stabilizer, which may additionally comprise a diluent, can be made
in a non-pressurized or a pressurized non-aqueous system. Concentrated aerosol

formulations may also be made by such methods.

7. Spray-Dried Powder Aerosol Fermulations
Spray drying is a process used to obtain a powder comprising nanoparticulate
corticosteroid particles following particle size reduction in a liquid media. In general, spray-

drying is used when the liquid media has a vapor pressure of less than about 1 atm at room
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exanpl e diabjeter (Wicingr® thinzttamgpded i LAtSer GoS BRS § iRfin@lhaMber. The carrier gas
ant i hi s%am ne/ nanoparticulate corticosteroid conposition accordi g

to the FFRREFNGS biRtaHEPRIvasR 2benh$0snd plomnt 80 degyees Qv Ehe dpletoarpr i ses
at |eas MY ' : . artjculate .
cortic og%@%?(g{atrgé}g fﬁfqgﬁ%ﬁ %g%%l‘t%%% Z&ﬁjngf%;égxgﬁgﬁgngp 5Wh’lcft)\)rﬁé'? Eplipotefidn 2
nanopar special egservoirieheatls b eyelonk appanhisai ned by gri ndi ng,

honogeni zat i reci pitation, or supercr _itical fluid particle
generat i on tgfghﬁﬁ‘élﬂgigm? _COE%F%QBW %%@u%dlwl%moﬁﬁﬁaﬁgﬁeegat es of
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at | eastPigrealngasgaes puinapaticdetei conboermidiandaudiaet sthlsitisgr. dNbe Hgnilace
st abi | i r i zed .. conposi.tion ddi tionally contain a
ai 1 uent SRR RSP ARG AR TS apRaRR A bttt wrbrtra Sabgued by

gr i ndi ngfabiliverig eichadn inext dI6ER nfbdrl Q8dis v BEHsi1hdtSR orfohdtbflon), the
particle g;na&)at on . techpiques; or (3) aerosolizing a suspension of
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ant i hi sadieil tretheaknbppatidulaie eoniaosi@ald digitkddeciter béfons darol, br aRAGpRly

| east ope. surfa t.abilizer erei n the nanoparticul ate
corti co@‘?&goijg‘eﬁﬁlagﬁ?%? %8 cpljectrd By Wb?@%ﬁ?&gﬁﬁ%ﬁdﬁﬂ’_ﬁnﬂs on the

pr eci pi ¢cabértihtioflof HeRROEPdrtib Ak chitidbderoRBEdnifosRiocd SRR AR, and/or diluent
t echni ques. The aggregates of a nanoparticulate conpositior according

to thelithe/banid sempledassuielt actbe draplitisize produntd nhthespragettti¢rimoazie) For deep
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diameter, for delivery to the conducting airways it is desirable for the collected product size

to be about 2 to about 6 microns in diameter, and for nasal delivery a collected product size
of about 5 to about 100 pm is preferred. Collected products may then be used in
conventional DPIs for pulmonary or nasal delivery, dispersed in propellants for use in
pMDIs, or the particles may be reconstituted in water for use in nebulizers.

In some instances, it may be desirable to add an inert carrier to the spray-dried
material to improve the metering properties of the final product. This may especially be the
case when the spray dried powder is very small (less than about 5 microns) or when the
intended dose is extremely small, whereby dose metering becomes difficult. In general, such
carrier particles (also known as bulking agents) are too large to be delivered to the lung and

simply impact the mouth and throat and are swallowed. Such carriers typically consist of
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formul ati ons may al so be nmade by such nmethods. 7. Spray-Dried Powder
Aerosol  Fgigishatidans Spray drying is a process used to QP 5?00?1010535
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particle size reduction in a liquid nedia. In general, spray- drylng
is used when the liquid nmedia has a vapor pressure of |ess than about
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spherical ag§r egafé%eze-fDmahUpnopamuulateeCampbsltioﬁg eroid and surface
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i nert dedchessthavia eﬂm&hﬂ@% ins@kY asbut 59

t he coi} ct ed godu,ct Wi | ﬁtz:oﬁ(gl 5t of df&%}gﬁ% h%&?gesg%t ose %’ér&laple
manni t oPYIqglss, Tiblimatiqn isrefesion oV ereevaparaiéoniodiadin adryopawddrcul at e

t t i hi can added
o o OB Sl AP 0 Sl e
dur i ng, thehighfprecess pmaperatdrey ssgciadevifti spedy-Giyagy, Th allifi€os Oéubﬁl‘ﬁﬁﬁgl also

roduct, can be. contral | ed, and. .depends ,on the concentration of
p Bl

nanopar%qf A R LeEs RS 8% P HZ‘&F&%% 1pgrggse thmilicHistabdlity né a @nwosmon
di | uent acchriitdie theé uced '
by the ?scp():r ay- chd@yer gﬁggéﬁg&t%?lagzg%ﬁl#oﬁéﬂﬁ ?l%&?? rlg%ze" §é’§f‘ lpgeﬁl cat
for thedldohs weenrstitpedandoused iz nckiudizére. Agg&gathanf afresre-Riethi crons in

di anet e r he .condu t|n i s desirable for
the. ol TALEBmEELIN SRk Dl OGS BERR SRR T BDrne e Fojsatonean be
di amet etvlsamdovuﬂmthaas@ poteler isedneliatdlo e6kBMlos It ol SRDIORrARAU! S
to about ?111 ghls erred Col I ected products may the use
convent15H4" PRBREaLY H’l‘}ﬂfmnary or nasal delivery, dispersed in
propell ants dlinti#6n ot MBleSsinind fiGaRPhld SlefulB¥heRGn B0 HibhS Ut &
vacuum conditions, This allows for the formed ice to be transformed directly from a solid

state to a vapor state. Such a process is highly efficient and, therefore, provides greater yields
than spray-drying. The resultant freeze-dried product comprises the
antihistamine/nanoparticulate corticosteroid composition according to the invention. The
composition according to the invention is typically present in an aggregated state and can be
used for inhalation alone (either pulmonary or nasal), in conjunction with diluent materials

(lactose, mannitol, etc.), in DPIs or pMDIs, or reconstituted for use in a nebulizer.

F. Method of Treatment

Yet another aspect of the invention provides a method of {reating 2 mammal,

including a human, using the antihistamine/nanoparticulate corticosteroid compositions of the
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In sone instances, it may be desirable to add an inert carrier to the
spray-dri ,al to inprove the nmetering propertie Ihal
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b ocasor e (36t lohe) ER RrG iR orbirabs: LR bopated e aiouired Famss
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typi cal dyyrpé §8 @Bvérggeaﬂ} RI9ESRLE %xﬁ{bgsi@gndac%gr%m%eto the invention

One of ordinary skill will appreciate that effective amounts of an antihistamine and

corticosteroid can be determined empirically and can be employed in pure form or, where
such forms exist, in pharmaceutically acceptable salt, ester, or prodrug form. The selected
dosage level therefore depends upon the desired therapeutic effect, the route of
administration, the potency of the administered antihistamine and corticosteroid, the desired
duration of treatment, and other factors.

Dosage unit compositions may contain such amounts of such submultiples thereof as
may be used to make up the daily dose. It will be understood, however, that the specific dose
level for any particular patient will depend upon a variety of factors: the type and degree of
the cellular or physiological response to be achieved; activity of the specific agent or
composition employed; the specific agents or composition employed; the age, body weight,

general health, sex, and diet of the patient; the time of administration, route of administration,
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used for inhalation alone (either pulnonary or nasal), in conjunction
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def i ci eme\bassansdy@hane s@Gsic@gy, and systenmic admini stration of an
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and nmethod result in inproved |lung and nasal surface area coverage
by the Eg%ﬂﬁslt ered conposition according to the invention One of
ordinary s will appreciate that effective anpbunts of an

ant i hi st am n€hamdposearthis esimpleivths tcapreheredatanopirtiqdate fRihilainlof and

can be ‘S%Fql%?d in%ureformor, where such forns exist, in
phar macBEHCERIne aeionidean| e salt, ester, or prodrug form The .
sel ected dogagachemas atdistit o _séss%ﬁ@ﬁ.nggﬁﬂﬁsﬁ%ﬁg&ﬂgﬁ%&ﬁﬂ%&ﬂsg

effect, the route of admnistration, the pofency o e adm ni stere
ant i hi sefedhdvdraaypopyineubylecildse M salntéah (Pharmacoat”™ 603; Shin-Etsu),

0.24 g of a 5% docusate sodium solution, and 12.08 g of sterile water for injection USP. The
coarse slurry was milled in a NanoMill-01 machine (U.S. Patent No. 6,431,478; Elan Drug
Delivery (King of Prussia, PA)) equipped with a 50 mL chamber and containing 0.5 mm
crosslinked polystyrene milling media (PolyMill-500; Dow Chemical) at 1333 rpm for 60
minutes (89% media load). During processing, chill water (approximately 5°C) was
circulated through the jacket of the mill chamber. -

The final composition of the harvested dispersion was 5% triamcinolone acetonide,
2% HPMC, and 0.05% docusate sodium (all values w/w basis). The resulting dispersion had
a mean triamcinolone acetonide particle size of 294 nm, with a D50 of 282 nm, a D90 of 407
nin, and a D95 of 457 nm. After 1 minute of sonication, the dispersion had a mean
triamcinolone acetonide particle size of 292 nm with 2 D50 of 281 rm, a D90 of 401 nm, and

a D95 of 446 nm. Similar particle size measurements following sonication indicate the
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duration of treatnment, and other factors. Dosage unit comnpositions
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condi ti Eggmﬂeget ails described in these exanpl es but should only be
limted by e scope of the clains that follow Al references

i dentified h&hepuposavelthidiergmpleSvasiaprptns.a REpARREERY fordXERSIFY

i ncorpoi;aﬁg ed B% reference. Al fornulation conponents were obtained
comer c 'éeﬁ}m ‘ight scattering particle size neasurenents were
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Parti cl @13igxd palysetbris Rl aad 2d 0z obsterilb asted farinjeciom®SBE Thi sbdresslurry

Ex | c hi L t ..
nanopar Fecit et AASREM i gp s s Ripna BEERbRp Geamd contaning 0.3
Tri anci mal eroesliaked poliystoredle bllmg hSddnERIMIIL 2008 Do PORRNicH 5t FRBRLASE:
with 8.95 g of a 5% hydroxypropyl methyl cellulose (HPMC) sol utton

( Phannaainytss @8% megha inad).sDyring propassipgoshil vater deppuexitrateln §iQ) was

sol utio i e: or injection USP. The coarse
slurry %ﬁ@nﬂ%ﬁo&%ﬁgﬂ%ﬁkﬁ%tgﬁlﬁw%n%ﬁrne (U.S. Patent No.

6, 431, 478; Elbafilxlegmpbstion of the bisivested tisptrsios was 5PAd)deeeligEed with a
50 nL chanb a ntai ni 0,5. crgsslj nked polystyrene m|]ling
medi a (B Q@&’gf)"%ﬂﬁv RS |¥H]%EBS¥§§%@SB?¥F1PBE%G meHnhugessnidgov,
medi a | gaddle si2elof DG7 PMGFHES S D38 .0fhY hin, ) I ?ﬁg%g{n‘}”&ﬁb@%%fﬁg A frer

circulated through the jacket of the m
1 minute of sonication, the dispersion had a mean budesonide particle size of 327 nm, with a

D50 0f 318 nm, a D90 of 421 nm, and a D95 of 458 nm. Similar particle size measurements
following sonication indicate the absence of aggregates of budesonide. Such aggregates are
undesirable.

The example demonstrates the successful preparation of a nanoparticulate budesonide

composition, as the resulting D50 budesonide particle size was less than 2 microns.

Example 3

The purpose of this example was to prepare a nanoparticulate formulation of
fluticasone propionate.

Fluticasone propionate drug substance (1.12 g) (Dey Laboratories, Inc.) was
combined with 8.95 g of a 5% povidone solution (Plasdone® K29-32; ISP), 0.23 g of a 5%
sodium lauryl sulfate solution, and 12.09 g of sterile water for injection USP. The coarse

shurry was milled in a NanoMill-01 machine equipped with a 50 mI. chamber and containing
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The final conposition of the harvested di spersion was 5%

trianci nok; nide, 2% HPMC, and 0. 05% docusate sggi
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acetonide particle size of 294 ran, with a D50 of 282 ran, a D90 of
407 nm and a D95 of 457 run. After 1 m nute of sonication, the

di spersion had a nean trianti nol one acetonide particle size of 292 nm
with a D50 of 281 nm a D90 of 401 ran, and a D95 of 446 ran.
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pol ysor bat e al | values w/ w basis)._The resulting dispersion had a
mean budeso n&g% gxaﬁ%‘ﬂ? %8’]“8’1%’?% S“fﬁgfs‘ﬁi?\'ﬂ’f‘%t%n B%@gﬁppﬁtﬁuf‘% El&lcme
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di spersFH(C)&r%J had a nean budesoni deﬁ%arti cle si zg g?éngz mu, v& t?}vaa SD50
of 318 BWp2amivomsof 421 run, and a D95 of 458 nm Sinilar particle .
si ze nmeasurenents follow ng sonication indicate the absence of
aggregat es of budesoni de. Such aggregates are undesirable. The
exanpl eEgamplesd r at es the successful preparation of a nanoparticul ate

budesoni de conposition,, as the resulting D50 budesoni de particle
si ze was | esshe puRose qﬁtb}scyﬁgrpple%%p@pgre and characterize a composition

comprising a nanoparticulate corticosteroid and an antihistamine.

Nanoparticulate triamcinolone acetonide (0.40 g; Example 1) was combined with a
1.25 % azelastine hydrochloride solution (1.60 g) to yield a 2.00 g sample comprising 1%
triamcinolone acetonide and 1% azelastine hydrochloride (all values w/w).

Following combination of the corticosteroid and antihistamine, the particle size of the
corticosteroid was measured. The initial mean particle size for triamcinolone acetonide was
577 nm, with a D50 of 350 nm, a D90 of 1263 nm, and a D95 of 1811 nm. After 1 minute of
sonication, the triamcinolone acetonide nanoparticles had a mean size of 425 nm, with a D50
0f 333 nm, a D90 of 748 nm, and a D95 of 1034 nm.

This example demonstrates the successful preparation of a composition comprising a
nanoparticulate corticosteroid and an antihistamine, as following combination of the two
active agents the nanoparticulate corticosteroid retained a D50 particle size of less than 2

Microns,
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(PolyM I'I -500;, Dow Chem cal) at 1333 rpm for 60 minutes (89% nedia

| oad) . Duri ngthsmuerass phihis exaniple wag terpre¢apparcihamtriye 5 @rmwdsion

circul at { .J.acket of .the mll c er.. The final

Conposi tclsglrli)tﬂgl?1 g;éhq{én%\}éeug%%ao%ﬁcg%gf’& g %&EQ&?@%&W casone

propi onat e, 2%mopavitelanerik(BfoRRc acuishids @5 & Fkiatipid ?tswag cofiblrle@tRth a
(all val ., W W basis). The resultin di spersion had a nean

flutic aslﬁz/w\é\%ﬁt&mwr%alﬂﬁdé selutipy @g Y 2)10 water, (Lidte) taayisBin 200 g8ample
nm a : fiahenish : Of 0 : I nut e of

soni cat ?gﬁl?ﬁglﬁéﬁg/? sperc3| (lm eﬁagcgi%%gldg%gﬁﬁﬁe}dgtalé%%}éég%%&%n(gﬁg alues wiw).
particle siz&olpwigromhinationlof theldoftiootehd ant mtihtst40Reohe BaficREize ARG

a D95 of 291 run, Siml ar ti,cle size neasurenents fol]ow ng |
soni cat iCBHPHECIhYas anﬁ%sureélg géﬁd@“ﬁ’f mﬁﬁ&?f’é@gﬁ gige fqr tripmeinglogs pestonide was

Pr opi on@be nuSWeth AV BRLBEN A BYBEEH KA o ﬂ@??ﬁw%ﬁ A8EPPRLLAL 6F

t he successf ul g};epar ation of a nanoparticul ate t1 casone
pr opi on&PECHEpBitnmeinolase atptonidsndnpparticlesbad 4 wiekn sigo B3¢ mnj witlas H50

ticleesi ' Exanpl.e 4 The . f _thi
b o ohads e 8DehS¥ s b fads BoS bPRS oy SRS iR B bk reitng o
nanopar tfoltowiag eodeationdadit e Gietibssde aﬂa%’ﬂg?éga?ésﬁifmi:mﬁoné\?%@%ﬁei Gkt 25

triancti nol one acetoni de (0.40 g; Exanple 1) was conbined with a 1.
% azel adBFREAESATE JeesHablae sol ution (1.60 g) to yield a 2.00 g sanpl e

conpri sing 1%kl j 4y i de 9 I ' y y

hydr ochl ori de Sa{x:aﬁlgg uqegls&\% %v%ﬁlggﬁcg%ﬂ%gj ‘ii%%aﬁ%cfoﬁgotfﬁzc#ngyﬁ SlPﬂ%wmpmmg a

cor t i costmpeitdubitelcatitaskirsitaml re antitistamire) icfollowimecopibihidtidon of the two

corticosteroid was neasured. The.initial ne ticle size for

Cr1 anct RUNSAECRIS B s ate S cmpiproid Fro B LB o Parbist S oLl

1263 nmmj@dfs. aHBeve] thisGddmiltiion Alfb€is prefdiBLEtHRE giveR %}?ﬂﬁ'ﬁéﬁ@ll, dsifte

triancti nol one, acetoni de nanoparticles 'had a nmean %ll ze of 425 run,

with a D56 paticle size of 6527 prior to sonication, and the D90 particle size of 490 nm following 1
minute of sonication, indicates that several aggregates of triamcinolone acetonide are present

in the composition.

fixample 6
| The purpose of this example was to prepare and characterize a formulation
comprising a nanoparticulate corticosteroid and an antihistamine.
Nanoparticulate friamcinolone acetonide (0.10 g; Example 1) was combined with a
1.25 % azelastine hydrochloride solution (4.00 g) and water (0.90 g) to yield a 5.00 g sample
comprising 0.1% triamcinolone acetonide and 1% azelastine hydrochloride (all values w/w).
Following combination of the corticosteroid and antihistamine, the particle size of the
corticosteroid was measured. The initial mean triamcinolone acetonide particle size was
158,669 nm, with a D50 of 129,570 nm, a D90 of 363,714 nm, and a D95% of 436,656 nm.

After 1 minute of sonication, the friamcinolone acetonide nanoparticles had a mean size of
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of 333 nm a D90 of 748 run, and a D95 of 1034 run. This exanple
denonst r ag@s, ccessful preparation of a conpositio ISl a
nanoparti cul aogggﬁ%%jrdti costeroid and an anti hi stam ne, as?f:%ﬁﬁ%%ﬁ[%ﬂ@%
conbi nation of the two active agents the nanoparticul ate
corticosteroid retained a D50 particle size of |less than 2 mcrons,
53 WD 2006/ 102494 PCP/ US2006/ 010535 Exanple 5 The purpose of this
exanple was to prepare and characterize a fornmulation conprising a

nanopar tg " i tih L he..,Nanoparticul .at e
r1 el 1 ong vAEPBE 6ESHEhs, £o0Re 8T A 4 MR R gereled
% azel astzemesashyrdments|folidwieg sedicdtionrindiCatd thegihsenine o\atpesgatck. dF4lulidasbie
yield a_2.00 2@ | e corrgri Si aglgf trianci nol one acetoni de and 0.1%
azel ast ipﬁ%n?ﬁﬁg‘?‘ \Siepresaies e Wpgesigslen w) . Fol | owi ng conbi nati on of

t he corti costqrnt tboaf hbdi WaT=¥ ' i ze.
corticosteroid was nlglggS?%lg?élﬁr%géqrﬁ]ﬁsiegF%ﬁ@%ﬁ&%@?ﬁ%@&fb&eﬁaﬁ}@gaDSO
trianci pertishesizecef gedterdhamaboudd uienons piicrto aomisdionf thdlPrtien] arccoB®fatibn of
834 nm _ar 5 af 6527.n After 1 minute of saonication, the

e an) A s e aifis oniEhudomhat e piernSiPuS B cabosiroidand
a D50 aftid&tamineutiliRedOPasainsdbddsshitlm and a D95 of 490 run. Simlar
particle size neasurenents follow ng sonication indicate the absence
of aggregates of fluticasone propionate. Such aggregates are

undesir ghlgmd®i s exanpl e denmonstrates the successful preparation of
a conposition conprising a nanoparticulate corticosteroid and an

ant i hi st am n&he parpbsd dbithisrgamphebyasat propanf ankRBatkverizes firkailawant s t he
nanoparti cul.ate corti cosi eroid retainedq a particle size of |ess

D50
than 2 CHRTYRS 2 DERRRaYiaials eprlicqstirondiand iag gublistagineas preferred as
that given i naEysuMRd RS i j ]
soni cgt i on, ar?gé‘ t he I%%tgmﬁéﬁui&illg%e ?g)éﬂgﬁ[ EOAEGOE,W%! aﬁ%ﬂ?@w@%’%gof% %é?{]wuiiﬂga
of soni éabionzelasiiae badz@gﬁlpnd@ sajutiayr @1 40ag) grrslgeates(4di g)rtd srebd a 6100 Esample

i s oxompeinBRIpERlamet Dbt RRIRRM D% el R ool ol Vo

conpri swAg).a nanoparticul ate corticosteroid and an anti hi stam ne.

Nanoparticul ate triancinol one acetonide (0.10 g;. Exanple 1) was
conbi ned wi t%o]iowmg combination of the corticosteroid and anfihistamine, the particle size of the

corticosteroid was measured. The initial mean triamcinolone acetonide particle size was
56,732 nm, with a D50 of 10,634 nm, a D90 of 175,996 nm, and a D95 0f 233,293 nm. After
1 minute of sonication, the friamcinolone acetonide nanoparticles had a mean size of 599 nm,

with a2 D50 0of 307 nr, a D90 of 550 nm, and a D95 of 1277 nm.

As the resulting composition comprised a corticosteroid composition having a D50
particle size of greater than about 2 microns prior to sonication, this particular combination of
antihistamine and nanoparticulate corticosteroid, at the concentrations of corticosteroid and

anfihistamine utilized, was unsuccessful.

Example 8

The purpose of this example was to prepare and characterize a formulation
comprising a nanoparticulate corticosteroid and an antihistamine.

Nanoparticulate budesonide (0.40 g; Example 2) was combined with a 1.25 %
azelastine hydrochloride solution (1.60 g) to yield a 2.00 g sample comprising 1%

budesonide and 1% azelastine hydrochloride (all values w/w).
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1.25 % azel astine hydrochl oride solution (4.00 g) and water (0.90 g)
to yield anpl e conprising 0.1%triam:ino|one d
1% gzel ast%l negﬁy{%r%chl oride (all values ww. Follow ng coﬁ%sl%r;yg@?(ggy
of the corticosteroid and anti hi stam ne, the particle size of the
corticosteroid was neasured. The initial nmean triantinol one acetonide
particle size was 158,669 nm wth a D50 of 129,570 nm a DOO of
363,714 nm and a D95% of 436,656 run. After 1 mnute of sonication,

the trianci natoiae RnFIRP&tddR L 4
2006/ 102494 PCT/ UIS%006/010535 642 My {6533 ?Qﬁ@m&ﬂ ot “%1%‘%%"?”&%8"%]%‘3
618 nm CRHPosterdd wes neagredhnThesnitial allealpb{wd'esmmée peticle sive agisr366w, Sith a

1 ut | onsonr e aph e tet &, i T IR P RSP e St saicetin, e

resul ti ydeonpispattioss ladARTéBetkeI0L hint A5haI T FoCHMAS)| éDQ@oPM'rHQ a
D50 p of greater than about 2 nicrons prlor

article s
soni cat |a8?1| }?%ﬁ |1’in cul ar combi nati on of anti histam ne and

nanopart i cul t t

corticoster o?g]%and&ﬁjgﬁ&%%?g% %h% s%é}?ﬂﬁ@%&&? mélatge%u sucggg’%’#ﬁ{l conEpHsing &
7 The p@ﬂmetmlat@ birticesternidl andwasintibistamég oo follo i enatsih &dnZd tié two
formul a |S|n rticulate cortjcosteroid and an

anti hi s%ag[%r‘{ena o g?@ﬁ?@{]e"p ?[quﬁfﬁ’a“ﬁfﬂt%ﬂ %Pef sl 48 ofdes than 2
Exanpl e niigrongs conbl ned with a 1.25 % azel astine hydrochl ori de
solution (0.40 g) and water (4.50 g) to yield a 5.00 g sanple
conprising 0.1%trianctinol one acetoni de and 0. 1% azel asti ne

hydrochm%ﬁﬁe all values ww). Follow ng conbination of the
corticosterold and anti hi stam ne, the particle size of the

corticoster oﬂ“ﬂemom@ﬂhis@tmﬁw&sﬂbb@brﬁé%hhﬁabt@ﬂﬁé RelBReRAet oni de
particle size was 56 3% um wth a 10,634 nm a D90 of

175, 996 PHRIISIAG g nanqpgHicyfatoentioaterpidhanden gntihistapsineut e of soni cat i on
the trianti ngjyp 0811 Si,28.,0f 9 n
W th o D8O of PaRREE BidGeliRR 130, PRt s AR SR 122 % ne
resul ti ﬁ@las@npbzadroctdmd:@sqim@e(@ 1% g)and wates (R4 EYitoCHEN .00 Rarislvi Ng a
D50 pa cI a rior to
soni cat FoREriRg Lodaeseideindoull RHelE R hfos MRt S YRV i
nanopartic ul BbKowiaf cb@BH1albR bftthe dbrifcbRe LN G lstAMRe Ghe atficle size of the
corticosteroid and antihistam ne utilized, was unsuccess
corticosteroid was measured. The injtial mean budesonide particle size was 291 nm, with a
D30 0f 279 nm, a D90 of 398 nm, and a D95 of 443 nm. After 1 minute of sonication, the
budesonide nanoparticles had a mean size of 286 nm, with a D50 of 276 nm, 2 D90 of 387

nm, and a D95 of 435 nm.

This example demonstrates the successful preparation of a composition comprising a
nanoparticulate corticosteroid and an antihistamine, as following combination of the two

active agents the nanoparticulate corticosteroid retained a D50 particle size of less than 2

microns.

Example 10

The purpose of this example was to prepare and characterize a formulation
comprising a nanoparticulate corticosteroid and an antihistamine.

Nanoparticulate budesonide (0.10 g; Example 2) was combined with a 1.25 %
azelastine hydrochloride solntion (4.00 g) and water (0.90 g) to yield 2 5.00 g sample

36



Exanpl e 8 The purpose of this exanple was to prepare and characteri ze

a formul afyhoRes/@e4BR 1 SiNng a nanoparticul ate corticoster gj g@
anti hi stam ne. Nanoparticul ate budesoni de (0.40 g; ExarrgFgm% \ﬁl\lgisbsss

conbined with a 1.25 % azel astine hydrochl oride solution (1.60 g) to
yield a 2.00 g sanple conprising 1% budesonide and 1% azel asti ne
hydrochl oride (all values ww. 55 WO 2006/ 102494 PCT/ US2006/ 010535
Fol | om ng conbi nation of the corticosteroid and anti hi stam ne, the

part i ¢l eosbadngh. 1WBucbHie a5 FokdaHfs h?ﬁl%gmgg%(%ﬁ%%ﬁ@' e

budesoni de” parficle size was 306 run, wi D90 of
427 nm and Hopogingfcondmation offheaoriosterid andentibistindat,i thepartitle size of the

bud i i had Si f, 292 ith .a D50 80
D00 oP IR ETm O s TER Rl ek brfRrooBaafini o fetand {4 300w e
successfutth {DSPaf B32,059 10h, PDSOEFPEF, 49701, GAARTHS d¥209,030ACPARL, phﬁxﬁ&&

corti cos%er oid and an antihistanm ne, as follow ng conbination of the
two acPfsucaanttse budesprife pacprticleshed & orean size vEFGI wmy withiald of 2880

particl gySL#RoYrab8Ss; tﬂﬂ@g%ﬁ &ciﬁ?%s. Exanpl e 9 The purpose of this

exanpl e WAs to preparé an aracterize a fornmulation conprising a
nanoparti cul m;ehmsulﬁngsebrﬁpcﬁﬁiﬁbrﬁcmh;aisecaﬂb&ﬁib@dt'@ﬁid%mﬁﬁ@ﬂi@ﬁ@l&ﬁhgd'[ﬁﬂﬁe
budesoni d %0.40 %{ Ex n%la%@zgwas conbined with a 1.25 % azelastine
hydr oc hP?r}%F glzsHf ‘?aéﬁﬁ%% - apRUlyd MAGANS RETQE O gopicatiop,) thispajticaas campingtioyof
sanpl e @lfiRithied Hia AR 85redOia s R LRSI RBnD YA RIE Ina
(al'l values ww) . Follow ng conbination of the corticosterol dan

ant i hi seglfhisianinemsliped, wagheswicessfidf the corticosteroid was measur ed.
The initial nean budesonide particle size was 291 nm with a D50 of
279 nm a D90 of 398 nm and a D95 of 443 nm After 1 mnute of

soni cat Eeampldl budesoni de nanoparticles had a nean size of 286 urn,
wth a D50 of 276 nm a D90 of 387 nm and a D95 of 435 nm This
exanpl e denphit PuPess afifhis syanplsrasito preppraead charagerize afomulation on

COPY 48 NERORALH.F LRAE 0GR B ) am | stamne, as
cor ti cost er oNdnepettidulete baddbfidp 0D gt Exahgle 2pfvak esabinbamifd a 1.25 %
azelastine hydrochloride solution (0.40 g) and water (4.50 g) to yield a 5.00 g sample
comprising 0.1% budesonide and 0.1% azelastine hydrochloride (all vatues w/w).
Following combination of the corticosteroid and antihistamine, the particle size of the
corticosteroid was measured. The initial mean budesonide particle size was 308 nm, with a
D50 0f 294 nm, a D90 of 430 nm, and a D95 of 486 nm. After 1 minute of sonication, the
budesonide nanoparticles had a mean size of 307 nm, with a D50 of 294 nm, a D90 of 428
nm, and a D95 of 482 nm.
This example demonstrates the successful preparation of a composition comprising a
nanoparticulate corticosteroid and an antihistamine, as following combination of the two
active agents the nanoparticulate corticosteroid retained a D50 particle size of less than 2

microns (both before and afer sonication).

Example 12
The purpose of this example was to prepare and characterize a formulation
comprising a nanoparticulate corticosteroid and an antihistamine.

Nanoparticulate fluticasone propionate (0.40 g; Example 3) was combined with a
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m crons. Exanple 10 The purpose of this exanple was to prepare and
char act eryygBodsf02dgqul ation conprising a nanoparticul at @emgao 6,0 0535
corticosteroid and an anti hi stam ne. Nanoparti cul ate budesoni 8
g; Exanple 2) was conbined with a 1.25 % azel asti ne hydrochl or| de
solution (4.00 g) and water (0.90 g) to yield a 5.00 g sanple 56 VSO
2006/ 102494 PCT/ US2006/ 010535 conpri sing 0. 1% budesoni de and 1%
azel astine hydrochloride (all values ww). Follow ng conbination of

t he coryi 6l 0
corti costar i audeRirRhionfae SN, 60 D0 BRA p 308 ahb 1P orhittine 1%
si ze wadlutig®os@propimnatevintt Ya apbatios hideghdedder(ail valuEE@/m)‘ 185, 497 rim
and a D95 ofgﬁﬁ9 080 urn. .Aft ion, the

budesoni de n W8 copbiriafion Og l}?ecz?ﬁtmg?tt?g’l%?n%@gﬁfﬁiam’%\etthe Rapgls size o5 s

nm a D%m@ﬁstéraﬂ:l W meailred. D8k iffiatrhdar ﬂiﬂmaﬁetplﬂ@méﬁa%’bﬁmeﬂ size was 2024
conposition conprised a corticosteroid conposition having a D50

parti cl 80528 AP pEhtadmm.aid pHBcTiand 6AWSMAI6360 nor. sbiierdaminyke, of
this pa r i.cul ate
cor 1 ospisloR HEAREARAE b ina ALK B8, JPERERK SR ke Dso
anti hi sbﬁ%&nmua]]%z:édwm amismbéésﬁﬁcms nicxanpl e 11 The pur pose of
this exanple repare and characterize a fornul atjon

conpri si ng a%\gﬁ%{ﬁ'ﬁ IPE GPHPRSIHER FoTuRLE ﬁ@p@caﬁgo%cmqsm%@mng@ D50
Nanopar biidleai dTusesethdeatolt 1 thisron b Sorfida Sﬂ ﬂﬁg %ﬂg’lgon of

1.25 % azel astine hydrochloride solution (0.40 g wat er
to vyiel antslwammegandmmlm W@pmjermdla%bmi@smmtdms afidorficdst&pid and

azel ast i F Qg val yes w w). Follow ng conbination of
t he corfi:@%&g% §i h& ﬂ’lnﬁlllé’f’s:f flhe, the particle size of the
corticosteroid was measured. The initial mean budesoni de particle

size was 308 nm with a D50 of 294 nm a D90 of 430 nm and a D95 of
486 nm Expm@le 13 ni nute of sonication, the budesonide nanoparticles

i R N S o

pr epar atemprisifig anemperRulatocorticsyroidiang an antildstamare | cul at e

corticostero and.an anti.hi stam ne, as fall W|n conbi nation of the
t Wo i\]%nopartlculat ?lutlcasone prop?onate (040 g; xam%le 3(')) was comb?ned witha

1.25 % azelastine hydrochloride solution {(0.16 g) and water (1.44 g) to yield a 2.00 g sample
comprising 1% fluticasone propionate and 0.1% azelastine hydrochloride (all values w/w).

Following combination of the corticosteroid and antihistamine, the particle size of the
corticosteroid was measured. The initial mean fluticasone propionate particle size was 549
nm, with a D50 of 287 nm, a D90 of 422 mm, and a D95 of 552 nm. After 1 minute of
sonication, the fluticasone propionate nanoparticles had a mean size of 217 nm, with a D50 of
210 nm, a D90 of 323 nm, and a D95 of 362 nm.

This example demonstrates the successful preparation of a composition comprising a
nanoparticulate corticosteroid and an antihistamine, as following combination of the two
active agents the nanoparticulate corticosteroid retained a D50 particle size of less than 2

microns (both before and after sonication).
Example 14

The purpose of this example was to prepare and characterize a formulation

comprising a nanoparticulate corticosteroid and an antihistamine.
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active agents the nanoparticulate corticosteroid retained a D50

particl e \wo2BoPforde@Ss than 2 mcrons (both before and 9{3&%2006/010535
soni cation). Exanple 12 The purpose of this exanple was t0 prepare

and characterize a formulation conprising a nanoparticul ate
corticosteroid and an anti hi stam ne. Nanoparticulate fluticasone
propi onate (0.40 g; Exanple 3) was conmbined with a 57 WD 2006/ 102494
PCT/ US2006/ 010535 1.25 % azel asti ne hydrochl oride solution (1.60 Q)

to yield a 2NdBoghrSieuTite Slubioaidh Sloptbnitd ﬁ%ﬁ;ifﬁ%ﬁ@%mﬁqo o A, 1

% azel a%ti ne hydrochl ori deﬁgal | “val ues ng conbi nation of
t he cor ti%0%resiaitiae androghlorite selutiomed, 00 Heng aratr ¢0.60 g) weyieki 4 100 g sample

cortico i ) d.. The initigl n fluyticason rQpi onat e

parti of & apatRe 3% FERSMRrg)BRoce 2 4% T itiohToERl (ol vabeserin

and a D95 of F6lG0ingmombirtation bf tHeruttRostbroi® el ffhis@nink Nge %&H&E%&é Bffhe

pr opi onacf’ﬁﬁg%no%artl cles had a nmean size of 1996 urn, with a D50 o

958 nm ° Frgid Wasigeashieda e Anitiglsmerm fhuizasone propienatdresariicls size imag 177

conposi Linows i ¢ i i £ hayi.ng, a.D30

a1 ol DS S Db BE ATl e TR o e g0 sl o,

t hi s papatieajionsthe dnficasans propifateanhofiridlertiade rash AT tint Witk £D50 of

cortico roid t concentrations of corticosteroid and

anti hi s?%f’ﬁ?%eaRP@PF%@%%@S@@%QEW . Exanpl e 13 The purpose of

thi's exanpl eTM\@%xixﬁplé_rcﬁﬁ@hﬁreﬁéE’thEMc@&ﬁﬁgl‘eéﬁraﬁgﬁ 9f %b@?hﬁﬁ?n comprising a
1d an I Stam ne.

conprising a nanoparticulate corticoster an an
Nanopar RaieRpEcelate agrticosternid apd ep puitastening, astfolowiigaopibimalipn withe two

conbi ne ' : 0 stine h ochl ari sol.utipon !

and vt S0 P 5 oG SR e 1o h Stk 8 ofes a2

fl uti camtmengiboth lefat endafteiGohicktianel astine hydrochloride (all val ues
w w). Follow ng conbination of the corticosteroid and anti hi stam ne,
the particle size of the corticosteroid was neasured. The initial
mean flgﬁlﬁggqlge propi onate particle size was 549 nm wth a D50 of
287 run, a D90 of 422 mu, and a D95 of 552 nm After 1 mnute of

soni cati on, Thepirbose afdlsie nrample mias haprepaannd elidrictts hanalatean si ze

IR NG Ol S O
conposi ti on Natbpaitiul@e Auticasone propionate (0.10 g; Example 3) was combined with a
1.25 % azelastine hydrochloride solution (0.40 g) and water (4.50 g) to yield a 5.00 g sample
comprising 0.1% fluticasone propionate and 0.1% azelastine hydrochloride (all values wiw).
Following combination of the corticosteroid and antihistamine, the particle size of the
corticosteroid was measured. The initial mean fluticasone propionate particle size was 1298
nm, with a D50 of 340 nm, a D90 of 3752 nn, and a D95 of 5026 nm. After 1 minute of
sonication, the fluticasone propionate nanoparticles had a mean size of 1355 nm, with a D50
of 380 nm, a D90 of 3769 nm, and a D95 of 4957 nm.
This example demonstrates the successful preparation of a composition comprising a
nanoparticulate corticosteroid and an antihistamine, as following combination of the two
active agents the nanoparticulate corticosteroid retained a D50 particle size of less than 2
microns (both before and after sonication).
L
It will be apparent to those skilled in the art that various modifications and variations

can be made in the methods and compositions of the present invention without departing
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nanoparticul ate corticosteroid and an anti hi stam ne, as foll ow ng
conbi nat i ¥ 2006/10R494t WO active agents the nanoparti cul aPeT/US2006/010535
corticosteroid retained a D50 particle size of less than 2 mcrons
(both before and after sonication). Exanple 14 The purpose of this
exanpl e was to prepare and characterize a fornulation conprising a
nanoparticul ate corticosteroid and an anti hi stam ne. 58 WO
2006/102494 PCT/ US2006/ 010535 Nanoparticul ate fluticasone propionate
(0. 10 g:iromHgspiit 9y sapms of thetinyrstioni Thusaitis ﬁlﬁerﬁiﬂéﬁml ﬂmtplrmnt invention cover

hydr och and J]d.a 5.00
sanpl e Lﬂf:%ﬂr%g‘}ﬁfig%’% 68 ch/{r]; EFI%S g%@ %%BPB ta% éﬁtﬁm&g? pGope of the
hydr ochlappended {lainks andl theis eqivdlents,Fol | ow ng conbl nati on of the
corticosteroid and anti histami ne, the particle size of the
corticosteroid was neasured. The initial nean fluticasone propionate
particle size was 177 ran, wth a D50 of 165 nm a D90 of 270 nm
and a D95 of 306 nm After 1 mnute of sonication, the fluticasone
propi onate nanoparticles had a nean size of 177 nm wth a D50 of

165 nm a D90 of 271 nm and a D95 of 307 nm This exanple
denonstrates the successful preparation of a conposition conprising a
nanoparticul ate corticosteroid and an anti hi stam ne, as foll ow ng
conbi nation of the two active agents the nanoparticul ate
corticosteroid retained a D50 particle size of |less than 2 mcrons
(both before and after sonication). Exanple 15 The purpose of this
exanple was to prepare and characterize a fornulation conprising a
nanoparticul ate corticosteroid and an anti hi stam ne. Nanoparticul ate
fluticasone propionate (0.10 g; Exanple 3) was conbined with a 1.25
% azel asti ne hydrochl oride solution (0.40 g) and water (4.50 g) to
yield a 5.00 g sanple conprising 0.1% fluticasone propionate and

0. 1% azel asti ne hydrochloride (all values ww. Follow ng conbi nation
of the corticosteroid and anti histam ne, the particle size of the
corticosteroid was neasured. The initial nean fluticasone propionate
particle size was 1298 m, with a D50 of 340 nm a D90 of 3752 run,
and a D95 of 5026 nm After 1 mnute of sonication, the fluticasone
propi onate nanoparticles had a nean size of 1355 nun, with a D50 of
380 nm a D90 of 3769 nm and a D95 of 4957 nm
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Thi s exanpl e denonstrates the successful preparation of a conposition
conpri si ngaadqHppgparticul ate corticosteroid and an ant 'ﬂ(‘f’r’?{ﬁs%'ﬂdb? 538
foll ow ng con%| nation of the two active agents the nanopar |cu(a?e
corticosteroid retained a D50 particle size of |less than 2 mcrons
(both before and after sonication). It will be apparent to those
skilled in the art that various nodifications and variations can be
made in the nethods and conpositions of the present invention wthout
departi mghﬁsmig@@%lom% PCT/ US2006/ 010535 fromthe spirit or
scope o i n. Thus, it is intended that the present
invention cover the nodifications and variations of this invention
provi dedI t hey cone ithin the scope of the appended clainms and their
equi val ent s. ‘S0 SIHBEPTHEHEE PCTI US2006/ 010535 What is claimed is:
1. A conposi t(epn coigakd gk Bkhidahinel | east one anti hi stamine; (b) at

| east one corbi cost &rﬂoi d having an effective average particle size of
| ess than abd 7% St RE cattosfeyidaeving an effestive suardgapertisteadiiel df feag thar about
The conposition ofjsghaiihds Wherein the antihistamne is sel ected
fromthe group consisting of azel astine hydrochl ori de,

chl or pheni r afthe ralcesitose siracastabiliner, ast er ni zol e,  di cl of enac,

t erf enadi ne, bronpheniram ne nal eate, piperoxam ethyl enedi am nes,

et hanol am nes, allcyl am nes, piperazines, tricyclics, acrivastine,
cetirizihne, i tJ - Lev | i.dine
evacet [11 zi pLe CoRR0lil o R e iien (Y ARARPRLLD B s R iroup
nedocr onvisjstingmé bzl astime hydwochlodds ehldrpirniddintenalesth) Iogmz{cﬁﬁ; dsemizole,

cl obenpr,opit, i om.di ne, salts,  prodrugs, esters combj nati ons

C her eof didtofetan, [EPAeRT e BRSO o TSR BYA 956 ST BE A o | s
sel ect eginbhOPtdR8, Ak QERInEBéasiha ufycHEPYLARLRE, (PYT il anpfg)yine

ant azol i ne, di phenhydram ne, " car bi noxam ne, doxylam ne, clenmasti ne,
di menhydri nat e, migeastinani ne, chlagekstineniavecsbestings plopatidingrilewretirizine,

dexchl j b henj ' tri |i di.ne,. ,.cycli.zi.ne, o
yair oxy SR A e rexBRRAE ATk Sne, B o S B Cebif R omoridioy,
cypr ohegigghraifidepZlab@birdies, ivptohdding) O, YPSI LS &ES and combinations thereof,

3. The composition of claim 2, wherein the antihistamine is selected from the group
consisting of mepyramine (pyrilamine), antazoline, diphenhydramine, carbinoxamine,
doxylamine, clemastine, dimenhydrinate, pheniramine, chlorenamine (chlorpheniramine),
dexchlorphenarmine, brompheniramine, triprolidine, cyclizine, hydroxyzine, meclizine,
promesthazine, alimemarzine (trimeprazine), cyproheptadine, azatadine, salts, prodrugs, esters

and combinations thereof.

4. The composition of any one of claims 1 to 3, wherein the corticosteroid is selected
from the group consisting of fluticasone, fluticasone propionate, budesonide, triamecinolone,
triamcinolone acetonide, mometasone, flunisolide, flunisolide hemihydrate, dexamethasone,
triamincinolone, beclomethasone, beclomethasone dipropionate, fluocinolone, fluocinenide,
betamethasone, mometasone furoate monohydrate, cortisone, hydrocortisone,

methylprednisolone, prednisolone, prednisone, and combinations thereof.
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and conbi nations thereof. 4. The conposition of any one of clainms 1
"to 3, wheweizmstibmiogorti costeroid is selected fromthe gCcows2006/010535
consisting of fluticasone, fluticasone propionate, budesoni de,
trianci nol one, triantinol one acetoni de, nonetasone, flunisolide,
fluni solide hem hydrate, dexanethasone, triam ncinolone,

becl onet hasone, becl onet hasone di propi onate, fluocinol one,

fl uoci noni de, betanethasone, nonetasone furoate nonohydrat e,
cortisone, hydrocortisone, nethylprednisolone, prednisolone,

predni sone, and conbi nations thereof. 61 WD 2006/ 102494

PCT/ US2006/ 010535 5. The conposition of any one of clains 1 to 4,
wherein the corticosteroid particles have a size selected fromthe

group cQnsi sh,b g of | ess _than a og 1400 nm | ess than about 1300 nm
less than fifompastionof 2pey At piimsbut Whetsin theromeesiereid gartiglss have a size

1000 nnkelb@&Sird e g?@%ong%gmﬂlesk &g aEJl@WO@HQ UbssGR4 a‘BEﬁIt 1388 %mt &0than
about 700 n | ess than about” 650 nm |ess than about nm | éss

than apawt 128gmydess thegpbewdd 08 poulessba ahept 1008am, ﬂmthabébnut 48Qnmpnjess than
| ess thaﬁbu@@w,&rgﬁggt abloglsﬁ)otrmnes aﬁ%@ u%%g)%fd"rg] leLsetﬁ?Qh 13 o%%vﬁ%s?ﬂ%

nm | ess than about l'esg t an out ess
150 nm abat 8§54 meabmabmm(}ﬁm lless that heout 4o, [BS thm abont 408gsn, tldsathan

e amoGt 10 a e GERRSRL 0. s R aBTF 267 1 BThulao gy TS o

wei ght . about Tﬁbmﬁ,dasmbantabomt 100 na) YesOtian @bouk Uﬁhﬂﬁoﬂle&s&hzﬁ} abolie3oaim. t he
anount of the corticosteroid can range from about 0. 01 to about 10%
by weight. 8. The conposition of any one of clainms i to 7 conprising
an antihistamine at a concentration selected fromthe group

consi st®.ng ofhedvonptositonmg/any oo ofidaiers latodi, twhfn thegdmounbef ambihistanshe ik

The conpbererie-ore S A Redel e 1 To B comprising a

corti coster oid at a concentration selected fromthe group consisting
of about 10 ng/nL or nore, about 100 ng/nL or nore, about 200 ny/niL
or morel- abobic WEPosiomol sny rae ef claims labduWherdn thegiraunt GRthe\eprticosteroid

2006/ 10%%?%%@%%&9@@%%%%& 130(%13?' (Prrp03| tion of any one of

cl ai ns erein the conposi f or mul at ed

8. The composition of any one of claims 1 to 7 comprising an antihistamine at a
concentration selected from the group consisting of about 10 mg/mL or more, about 100
mg/mL, or more, about 200 mg/mL or more, about 400 mg/mL or more, and about 600
mg/mL, '

9. The composition of any one of claims 1 to 8 comprising a corticosteroid at a
concentration selected from the group consisting of about 10 mg/mL or more, about 100
mg/mL or more, about 200 mg/mL or more, about 400 mg/mL or more, and about 600

mg/mL.
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into an aerosol and: (a) the anpbunt of antihistami ne is from about
0.1 to alwmibeod@imby weight; (b) the anount of corti cosgerosMog@nsss
range from about 0.01 to about 10% by weight; or (c) a conbination
of (a) and (b). 11. The conposition of any one of clains 1 to 10
formul ated into an aerosol dosage form wherein the aerosol is
formed froma liquid dispersion of droplets conprising the
conposition of claim1 and the droplets have a nass nedi an

aer odyndhi ¢ Hicnoatpssitvelofenedne 6f dainisteto § whiprelinihs csibagti& islfegsuliban
or equal Q) &b 100 {n ‘ons, about 30 to about 60 mcrons, about 0.1 to
about I mcrf)ongg out 2 to about 6 mcrons, and | ess than about 2
m crons. 12.(affhe taeb@s0ht 8

subst anti al I( : all of the @Wﬁ%@g%ﬁ%@uﬁ?%%ﬁ@ﬁ&? t Welg}l%sol
conprise (i)0ht Itbagmovpteofgarticnst anerangg from labout(0.01) toabotiel8s bpne
nanoparticul ate q)%%#ltc&st eroid particle, or (iii) at |east one

anti histam ne parti¢lé and at | east one nanoparticul ate
corticosterded pardontiigatichdf (Ah@dgpyrposi tion of any one of clains 1
to 12 fornulated into an aqueous aerosol, wherein the antihistam ne
is present at about 0.05 ng/nL up to about 600 ng/nL and the
corticogter o / 6 /

14. The conglt)ﬂsélc?lﬁlgﬁglg?ﬁgﬁ?lﬁ%ne of &%‘Jlgaﬁﬁgq?fépm#% 4131}(%) Os(fqgﬁ%% g#n
aer osolWhtsga dee Efemmi 1s fhmedefromtaimuakdiogabion sf dmph&&(boﬁﬂ;ﬁm:@ tHe y powder
of aggrg f claiml, . wherein the aggregates

t.h
have a mgégﬁg Sﬁaﬁ%ﬁ%@meﬁa s st & mastinedipn aerp W"Fﬁ@a@? jgelected
consi stﬁd@@tmfgrblgs@oﬂsﬁaﬁg 6r 1e6iMah of QPR THOGHRARS, &Qﬁ#%o %Oabgﬁt 6’63%0&0

m crons, about 1 to _about 10 m crons, about to about m cron

and | e@?o‘t‘trpahtoa%’é‘uf 1@ migrens #kout 250 alpie Coviepwsi anddnssdhaxamuoa mczfons
clainms 1 to 10 or 14 fornulated into a dry powder, wherein the

anti histamne is present at about 0.05 ng/g to about 990 ng/g and the
corti cdt er dihd acrosplr@agsitiah ofblith 10, Whersly/ sgbdtataboull FUQ Fali@dispdsiH®
2006/ 1%&%&3% %FUSZO%/OlOSS? 16. The conposi tion of claiml15,

wher ei § PLTEiASIOs)L combrise () Ableag) gre gaiilastargmepayicls Gilareasbens i se
(1) at nhessutiAnge sslibbitab a?t?cl@afrt(h]? Eflea&'oh?: ?ﬁhn%t&iilte p%ﬁ? le and at least
nanoparticul ate corticostéerord part Il StT 8

ant i hi spamnmpagigriaiectaticostereid pagade. one - nanoparticul ate
corticosteroid particle.

13. The composition of any one of claims 1 to 12 formulated into an aqueous aerosol,
wherein the antihistamine is present at about 0.05 mg/mL up to about 600 mg/mL and the
corticosteroid is present at about 0.05 mg/mL up to about 600 mg/mL.

14.  The composition of any one of claims 1 to 10 formulated into an aerosol dosage form,
wherein the aerosol is formed from a dry powder of aggregates of the composition of claim 1,
wherein the aggregates have a mass median aerodynamic diameter selected from the group
consisting of less than or equal to 100 microns, about 30 to about 60 microns, about 0.1 to

about 10 microns, about 2 to about 6 microns, and less than about 2 microns.
15, The composition of any one of claims 1 to 10 or 14 formmlated into a dry powder,

wherein the antihistamine is present at about 0.05 mg/g to about 990 mg/g and the
corticosteroid is present at about 0.05 mg/g to about 990 mg/g,
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17. The conposition of any one of clainms 1 to 16 fornulated into an
aerosol ovsags/bowm 18. The conposition of any one of etaiussiodotosssl?
formul ated into an aerosol dosage formand further conprising a
propellant that is contained in a nmulti-dose inhaler. 19. The
conposition of any one of clains 1 to 18, wherein the conposition is
fornmulated for adm nistration selected fromthe group consisting of
oral, pulnonary, otic, rectal, ocular, opthalmc, colonic,
parenteral, intracisternal, intravaginal, intravenous,

intrape ton | ocal Qcal asal , and .t opi_cal adnlnlstratlon
20. The J’b ﬁg? F%PPS&FO%??P el o fvheres sbstntie) BP@ I olihe pagrgatpiot dr
coNposi péaderoafhiiss (i) HAERE bﬁ@éﬂt{?ﬁk@mﬁﬁue Fift1d) (BIARESE %)yar’%culat
accepta | e excipients, carriers, t'i on ereo %h
conposi @qrbﬁpS@roalmﬂr’fmi@ oofiii} bleas ome mtﬂﬁﬂamm@amcﬂn aﬁuieatsleast Qe
stablllzer i ected fr.omthe group consisting of a non-ionic
sur f ace™ &P QBH%HCF%%CO%WS@FH@RF@CE%rface stabilizer, a cationic
surface stabilizer, a zwitterionic surface stabilizer, and an ionic

surface stabilizer. 22. The conposition of any one of clainms 1 to
21, wherein the at Ieast one surface stabilizer is selected fromthe

group cepsi s rid r

phospha?pdesﬂ] dex progllnlon X* arpeorng ° c&ﬁnnS] ac glg i fgrm % 4 lgé(‘f aéir%elrosoﬁoﬁg%cfgﬁ ‘h,
stearic acid, benzallconlun1chlor|de cal cium stearate, glycero
nonost egy at e, cet ost ear aIcoh 006/10 494

PCT/ US2006/ oLbSeebogERD BYSS |0 m grvpated Wiy #1 2esprobdgsagedorm and
pol yoxygihy @arigink ¥lpréfeit $hat lmhwﬁfem bmluﬁp@os@ ahRe. o |

derivatives, polyoxyethylene sorbitan fatty acid esters,

polyethylene gl ycol s, dodecyl trimethyl annDnlun1bron1de

pol yoxyet hyl ene stearates, colloidal silicon dioxide, phosphates,
sodi um dodecyl sul fate, carboxynethyl cellul ose cal cium hydroxypropyl

cel lul opes, TNPEARIstiRBOT 263 0RO¥Y BRinY] feld, Whessh SREokPosition is formulated
met hyl cel | ul ose, hydr oxyet hyl cel | ul ose, hypronellose pht hal at e,

noncr ysios pimirastesion geleeed fropmia axouprroasigimanfiaral pilownery, otic, rectal, ocular,

trieth p

S RSB KM SRRl B PR R nga oca
fornaldmhyﬂgnmmpehﬁxﬂw@ﬂadnﬁnmnmmaﬂlnes a charged phosphol|p|d,

di octyl sul fosucci nate, dial kyl esters of sodi um sul fosuccinic acid,
sodium |l auryl sulfate, allcyl aryl polyether sulfonates, m xtures of

sucroseygt eafgd @or&ﬁl&tﬁ)‘tﬁctff%ﬁ oflk 8F £3A 1o 19 Whel ein the composition further
p-i sononyl phenoxypol y- (gl ycidol), decanoyl -

comprises one or more pharmaceutically acceptable exclplents carriers, or a combination

thereof,

21, The composition of any one of claims 1 to 20, wherein the surface stabilizer is
selected from the group consisting of a non-ionic surface stabilizer, an anionic surface
stabilizer, a cationic surface stabilizer, a zwitterionic surface stabilizer, and an ionic surface

stabilizer.

22.  The composition of any one of claims 1 to 21, wherein the at least one surface
stabilizer is selected from the group consisting of cetyl pyridinium chloride, gelatin, casein,
phosphatides, dextran, glycerol, gum acacia, cholesterol, tragacanth, stearic acid,

benzalkonium chloride, calcium stearate, glycerol monostearate, cetostearyl alcohol,
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net hyl gl ucani de; n-decyl beta-D- gl ucopyranosi de; n-decyl

beta-D-r M@Wﬂ%%m de; n- dodecyl beta-D gl ucopyr anosr@eysittdudsisy |
bet a- D-nal t osi de; hept anoyl - N- met hyl gl ucam de; n-heptyl -

bet a- D- ghr copyr anosi de; n-heptyl beta-D-thioglucoside; n-hexyl

bet a- D- gl ucopyr anosi de; nonanoyl - N- et hyl gl ucam de; n-noyl

bet a- D- gl ucopyr anosi de; octanoyl - N-net hyl gl ucam de; n-octyl -

bet a- D- gl ucopyr anosi de; octyl beta t hi ogl ucopyr anosi de; |ysozyne,
PEG phoSHitiefipsd, e yab ek serbgpn G@E@mimmthéfe@p alkd'é ﬁﬁhwax ive,

PEG vi t gﬁk&ﬁhﬁeﬁg’c\i tBlagﬂ He@atlgyﬂ&%%&]y {Eesﬁﬁn‘%];l % ci% g&gr%’at e and

vi nyl ysozyne, cat ners,

bi opol yptﬂyeihylem glgmle, dmdh%&mmyi aiﬁ&onluﬁiaﬁrbmﬁdd}p@l@bkjﬁﬂﬂ@&ﬁfesmearates,
i yneri c conpounds, cationic

cationic cat) o on p
phosp ho?qlgﬁ‘%i st lﬁ%ﬁ th?ﬂd@ ?%‘P ﬂ?dl%@fjﬁ?ﬂﬂ?&ﬁt&c?ayﬁ)%@e’fhylceﬂulose
tri met Nydi DR 9;5;9 @@Iluloé*éél a)% HEN =L, rHa%Q ethy cellulose sodnﬁn,I

pol yvi nyl pyrroli done di met hyl noet hyll cry at e di et
sul f at emeﬂheflcaﬁelesd ﬂlrftﬁmvfﬁm’lcdhﬂmm hm@ndhosd @hﬂqalatbes phooiysiatios nﬂhﬂm&s :
quarter na%ﬁz/es ammbni um ¢

benzy! - SRt FRERR, e wenirmineopyiod. sediebael inimerdiipee.
amoni ufnich BQéttsd@athﬁe@@[yLﬁhehéu R wﬁﬂétﬁ?l@hé'@?uﬂé QA ﬂﬁmlafa@ﬁﬁf[wt

met hyl di_hydroxyet hyl —anmoni um chl ori d coconut neth

di hydr oRQ}etaa)ars; PetaxamiResH? ehAters, pb@e@}ﬂhptd d@tch@aulfoammm diaélmlmtqra ef

decyl d h |

[y oxy ORI RS AERNO RGN, B SR MaS apinewgr of

gmmn Id usucragh bmaiawnd@iﬁrdss dlﬁtmﬁatw bulﬁd??%yﬁdiwo@qmm 1daém, ﬁéﬂaﬂd&ﬁd@«t
rom ae nu oxye m C or|Lde, coconu

di net hylineﬁ%'*}f ’é&niﬂr&eﬁﬁﬁﬁ% B?%ﬁ’f@d%ﬂde %Tg hetad-rrdePyEnesfoRT um

t hyl 65 WO

2006) 10595 e DB L Welo e, DITRNIHE SR Do

br oni dme%@q@mﬁmthwwl(wmmwmrmﬂ; nrheptl hﬂta-ﬂ)eﬂnoghmmslylb n-hexyl

di met h de. Nallc

0 o ot BB s R P e By pe e fas%ﬁlwwgﬁmﬂgﬁzw

anmmoni Lwﬁtaﬁﬁb/DNLlﬁeth l‘giﬁcﬁh‘rz@éi%%(ﬂtﬁdﬁﬁﬁlmllgtﬁ@ hnos Wil ori de

nonohydr at e, di nmet ec ammoni um chl ori de, and (QL2-14
di et ﬁy wap%mmé zgn%@,ﬁQrah@%@ﬁ@lmlae?B@ﬁwmwa%@ﬁh@n&m. do.

al l cyl -4 gt nﬁy?@ﬁ%ﬁ%ﬁﬁ%%ﬁmﬁi é'ﬂaﬁ 9@%%%@&@ kAP oinyl

| auryl anmoni um l'ori
al | cyai mirrbdidbhe; Yysdzpht,catianiopolyurars ahmqm@hlopbﬂymeyﬂ aiitbrhid polgddsyllarides,

amoni um.sal t iallcylbenzene diallc¢ ni um chl o
N- di decHAMGSEHR PSI%%%‘?THW l8R1% P@tepéﬂcy wnr%waa%%wap%ﬁwaﬁ@wsw
anmmoni WhoseitHBdsdxtRRAMPIEY, BbBmebhyRhb&¥dr fterilbhylammonium bromide,

sulfonium compounds, polyvinylpyrrolidone-2-dimethylaminoethyl methacrylate dimethyl

sulfate, hexadecylirimethyl ammonium bromide, phosphonium compounds, quarternary
ammonium compounds, benzyl-di(2-chloroethyl)ethylammonium bromide, coconut trimethyl
ammonium chloride, coconut trimethyl ammonium bromide, coconut methyl dihydroxyethyl
amnmoniurn chloride, coconut methyl dihydroxyethyl ammonium bromide, decyl triethyl
ammonium chloride, decyl dimethyl hiydroxyethyl ammonium chloride, decyl dimethyl
hydroxyethyl ammonivm chloride bromide, Cjz.15dimethyl hydroxyethyl ammonium
chloride, Cj;.15dimethyl hydroxyethyl ammonium chloride bromide, coconut dimethyl
hydroxyethyl ammonium chloride, coconut dimethyt hydroxyethyl ammonium bromide,

myristyl trimethyl ammmonium methyl sulphate, lauryl dimethyl benzyl aramonivm chloride,
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di met hyI Va%g?"%ﬂh%é‘% nmet hyl ammoni um chl ori de, dodecyl di rrg#}i%}g%%?é%lrs%

arrrmnl um di al  cyl benzeneal | cyl amoni um chl o

tri methyl ammoni um chl oride, al kyl benzyl nethyl ammoni um chl ori de,
al I cyl benzyl dinmethyl amonium bromde, Ce trinmethyl ammonium
brom des, C15 trinmethyl anmoni um brom des, C17 trinmethyl anmoni um
brom des, dodecyl benzyl triethyl amoni um chl ori de,

P01, & kX R TR T 0 i B e TR M G e,

chlori dhur}dl doytthyl (mmmmmmm brronﬁﬁiej N—a]&?k{&ﬁis)dimeﬂMeﬁmmanm
brom de, é &glﬁ'{éﬁ t.hyl anmoni um br om 5% trioctyl amoni um
chl ori gghloriqdeN-a icthrl-be a@m%@m 91110&1% fqtry"tﬂ%ﬁwiémemﬂbenzyl

br omi degmehghi hpﬂ&@ﬁ&@ﬁlﬁn?hﬁ&ﬂé i U%HEEH&{}JII ﬁm'rﬁ%%mn% }:ﬁl%hﬁé 'ﬁ%ﬂ&ﬂ’ M (Ciz4)

chl ori de conpounds, cetyl “pyri
chl or i déimekizfl |ldapﬂaﬂmsﬂlgf arqmanmnmlﬂmﬂq;trlmethylemmdnalm hyh@amﬂ@'s al kyl

B U TE e e

pol ymer ghlo@dg ei}l@kyﬁfHdCaH zdoaaeyzdlwﬁ@la%n&n&%a@%té g@&@&frﬁ&ﬂlﬂ@ to
any one of claim1 to for manuf act ure of canent

wher ei nalmnmdwaﬁc@ﬁtylwemfedl&lﬁldnwmm?ahlonés,;stﬂ-dlqmmdmaﬂlyl mmomum
| d 94 PCT 6/ 0105
of ki SR SR QYRR B R G D B A €5

conposi dineehyl Qamphthglm@hyz(aaam@nmudm’@ @@Ieb% aiegh@bedty] h@ashiene
corticosteroid wth at | east one surface stabilizer for a tine and
under c‘Eﬁ%‘Eﬁi % Stdiod bergeapaiy! Ay cborilenkanop metayl appgonium chloride,

et i 6 R A AR L 7

of |ess t out 15
ant i hi sﬂrmmﬂm;é almnamm"ndmmpuhs,t(ﬂﬁmmaﬂnﬁrmmomum toraininges A0 g ittimethybémnbeium

Dort 1 o) BOBGR i DRt B GBS0 b B st I Eme P Gt 24,
wher ei NcHiheds; ah AR dihﬁn&ﬁﬁﬁid}ﬁérﬂﬁs gdllt}rl&illl‘rf% lmﬁﬂﬁﬁﬂﬁf‘h@[@ééﬂbs tricetyl

precipitation, or super critical fluids processi ng.
methyl ammonium chloride, decyltnmethylarrmmmum bromide, dodecyltnethylammomum

bromide, tetradecyltrimethylammonium bromide, methyl trioctylammontum chloride,
tetraﬁutylammonium bromide, benzyl trimethylammonium bromide, choline esters,
benzalkonium chloride, stearalkonium chloride compounds, cetyl pyridinium bromide, cetyl
pyridinium chloride, halide salts of quaternized polyoxyethylalkylamines, alkyl pyridinium
salts; amines, amine salts, amine oxides, imide azolinium salts, protonated quaternary

acrylamides, methylated quaternary polymers, and cationic guar.

23, ~Use of a composition according to any one of claim 1 to 22 for the manufacture of a

medicament, wherein the medicament can be used to treat nasal, pulmonary or ocular disorders.
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24, A method of making an antihistamine and nanoparticulate corticosteroid composition
comprising:

(a) contacting particles of at least one corticosteroid with at least one surface stabilizer
for a time and under conditions sufficient to provide a nanoparticulate corticosteroid
composition having an effective average particle size of less than about 1500 nm;
and

(b) adding at least one antihistamine to the composition,

wherein following addition of the antihistamine the corticosteroid retains an effective

average particle size of less than about 1500 nm.

25.  The method of claim 24, wherein the contacting comprising grinding,

homogenization, precipitation, or super critical fluids processing.
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